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FOREWORD 


Over  100,000  burn  patients  require  hospital  care  in  the  United  States 
annually.  The  admission  of  over  2,000  burn  patients  to  the  US  Army  Burn 
Facility  in  Japan  in  1967-1969,  including  over  1,100  patients  in  CV-68 
alone,  gives  indication  of  the  magnitude  and  seriousness  of  thermal  in- 
jury as  a military  medical  problem.  A severe  burn  adversely  affects  every 
organ  system  and  presents,  usually  in  exaggerated  form,  all  the  patho- 
physiologic changes  that  occur  in  patients  with  lesser  forms  of  trauma.  The 
study  of  burn  injury  in  man  or  laboratory  animals,  therefore,  would  seem 
to  require  no  further  justification,  since  the  information  generated  has  not 
only  military  relevance  by  definition  but  can  be  and,  in  fact,  has  been 
directly  applied  to  all  forms  of  trauma  as  a contribution  to  national  health 
care.  Certainly  the  best  example  of  the  economic  and  medical  effective- 
ness of  regional  care  is  this  burn  center,  established  by  the  US  Army 
in  1947. 

A recurring  preoccupation  with  what  are  called  "key  words"  and  statements 
of  relevance  would  only  dilute  the  above  facts,  since  an  extensive  burn  is 
widely  recognized  as  the  most  severe  injury  to  which  man  is  liable.  In  fact, 
recent  inquiries  suggesting  that  computer  modeling  can  substitute  for  human 
or  animal  studies  provide  ar.  excellent  example  of  how  "perception"  can  be 
dulled  by  unwarranted  use  of  modish  words  and  phrases  by  those  with 
vested  interests  and  no  familiarity  with  the  actual  problems.  Such  in  vitro 
modeling,  as  should  be  obvious  to  all,  is  only  possible  when  the  precise  in- 
teractions of  all  variables  are  known  with  certainty — a situation  which 
does  not  exist  today.  Animal  studies  are  not  carried  out  for  their  own  sake 
but  for  what  can  be  applied  to  burned  man  to  reduce  death  and  disability. 

To  those  of  us  who  care  for  burn  patients,  the  goal-directed  research  and 
clinical  care  activities  reported  in  this  volume  appear  not  only  of  unques- 
tioned military  relevance  but  of  potential  benefit  to  all  trauma  patients. 


Colonel,  MC 
Commander  & Director 
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(U)  The  Clinical  Division  of  the  US  Army  Institute  of  Surgical  Research  continues 
its  role  as  the  major  specialized  clinical  treatment  center  for  thermally  injured 
military  personnel.  Its  main  objectives  are  the  investigation  and  modification  of  new 
diagnostic  and  therapeutic  methods  for  optimum  care  of  the  bum  patient  as  well  as 
dissemination  of  the  scientific  advances  to  military  and  civilian  medical  treatment 
centers . 

24.  (U)  Thermally  injured  patients  both  frctn  the  Continental  United  States  and  through- 
out the  world  are  evacuated  to  the  US  Army  Institute  of  Surgical  Research  for  intensive 
inpatient  therapy.  Carefully  controlled  clinical  evaluation  of  the  efficacy  of  many 
treatment  modalities  is  undertaken. 

25.  (U)  74  01  - 74  12  Daring  1974,  244  patients  were  adnitted  to  the  Institute  of 
Surgical  Research.  Specific  attention  to  the  early  diagnosis  and  treatment  of  inhalatio 
injury  involved  the  use  of  fiberoptic  bronchoscopy  and  xenon  scan  for  diagnosis  and  the 
ongoing  evaluation  of  steroids  for  treatment.  Early  fluid  resuscitation  and  the 
incidence  of  acute  stress  ulceration  as  determined  by  fiberoptic  gastroscopy  are 
currently  being  assessed.  As  in  previous  years  pulmonary  infection  with  gram  negative 
organisms  continued  to  be  a frequently  observed  complication  of  thermal  injury  and 
intensive  investigation  of  methods  to  prevent  and  more  adequately  treat  these 
complications  continues.  Several  cases  of  acute  bacterial  endocarditis  have  been 
encountered  within  the  past  year  and  intensive  effort  is  being  devoted  to  prevention  and 
treatment  of  this  entity.  Continuing  evaluation  of  topical  therapeutic  agents  is  pro- 
ceeding with  an  attaipt  to  delineate  the  true  role  of  topical  therapy  in  care  of  the 
large  thermal  injury.  General  principles  of  management  previously  developed  at  this 
unit  ranain  unchanged.  Several  new  clinical  approaches  to  the  treatment  of  the 

and  its  complications  are  presently  being  evaluated. 
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Two  hundred  and  fourty-four  patients  with  thermal  injury  were  admit- 
ted to  the  Clinical  Division  of  the  United  States  Army  Institute  of 
Surgical  Research  during  the  calendar  year  of  197**-  The  Institute  of 
Surgical  Research's  main  emphasis  continues  to  be  providing  optimal  care 
to  military  personnel  and  civilians  with  major  thermal  injuries.  Clinical 
investigation  has  continued  into  the  physiology,  biochemical  and  bacterio- 
logic  aspects  of  thermal  injury.  In  addition  a new  facet  has  been  added 
to  our  care  of  the  thermally  injured  patient  in  that  early  definitive 
plastic  reconstruction  has  been  undertaken  in  healed  patients  prior  to 
their  discharge,  and  a small  group  of  patients  have  been  selected  for 
long  term  rehabilitation  and  reconstruction.  During  the  calendar  year  of 
197**  23  separate  patients  were  admitted  electively  for  reconstructive 
procedures.  The  personnel  of  this  ur.it  have  also  participated  in  many 
education  programs  both  military  and  civilian.  This  report  summarizes 
the  activity  of  the  Clinical  Division  of  the  United  States  Army  Institute 
of  Surgical  Research  in  197**  and  cites  the  recognizable  complications 
which  have  contributed  to  mortality  and  morbidity  in  burn  patients.  Clin- 
ical evaluations  have  been  carried  out  of  post-burn  pulmonary  changes,  the 
metabolic  response  of  the  patient  to  his  injury,  biologic  dressings, 
synthetic  dressings,  electrolyte  changes  in  the  post-burn  period,  high 
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voltage  injury,  post  burn  protein  metabolism,  Laser  excision  of  burns, 
gastroesophageal  endoscopy,  enzymatic  debridement;  and  a comparison 
made  of  sulfamylon  verses  silver  sulfadiazine  as  a topical  agent.  In 
1974  144  patients  were  air  evacuated  by  the  1 SR  burn  team  or  61%  of  all 
admi ss i ons . 
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CLINICAL  OPERATION,  CENTER  FOR  TREATMENT 
OF  BURNED  SOLDIERS 

The  Clinical  Division  of  the  United  States  Army  Institute  of 
Surgical  Research  continued  through  the  year  of  197*'  to  have  as  its 
primary  objective  the  provision  of  clinical  care  for  thermally  injured 
soldiers.  The  number  of  admissions  declined  from  261  in  1973  to  2A*t 
patients  in  197**. 

In  197**  there  were  a total  of  113  aeromedical  evacuation  flights, 

109  of  these  were  CONUS  flights  (within  the  Continental  United  States) 
with  1 AA  patients  evacuated.  All  patients  within  a radius  of  200  miles 
of  Brooke  Army  Medical  Center  requiring  air  evacuation  were  transported 
by  helicopter.  There  were  27  flights  for  that  purpose.  There  were  k 
flights  outside  of  the  Continental  United  States  all  to  Alaska. 

CLINICAL  MANAGEMENT 

In  depth  description  of  the  management  of  patients  with  thermal 
injury  as  practiced  by  this  Institute  are  found  in  previous  Annual 
Reports  and  in  numerous  scientific  publications.  Therefore  the  following 
remarks  will  be  limited  to  new  and  current  methods  of  clinical  therapy. 

The  most  significant  change  in  burn  therapy  at  the  Institute  of 
Surgical  Research  during  the  calendar  year  of  197**  was  a result  of  a 
comparison  study  of  sulfamylon  versus  silver  sulfadiazine  as  the  initial 
topical  antimicrobial  agent.  The  initial  study  consisted  of  8**  patients 
managed  by  burn  size  and  age  and  randomized  in  pairs.  One  member  of 
each  pair  receiving  sulfamylon  the  other  receiving  silver  sulfadiazine. 

The  LA  50  was  20%  better  in  the  15  to  **0  age  group  in  those  patients 
treated  with  silver  sulfadiazine  than  the  sulfamylon  treated  patients. 

It  was  therefore  elected  in  July  of  197**  to  use  silver  sulfadiazine  as 
the  initial  topical  ant imicrob i a 1 agent.  Through  the  remainder  of  197** 
silver  sulfadiazine  was  used  exclusively  and  at  the  end  of  the  year  the 
LA  50  was  still  in  excess  of  63-5%  in  the  15  to  **0  age  group  with  the 
inclusion  of  all  inhalation  injuries. 

The  pulmonary  complications  which  have  continued  to  cause  morbidity 
and  mortality  early  in  the  course  of  the  thermally  injured  patient  are 
less  frequently  seen  in  the  silver  sulfadiazine  treated  patient.  Silver 
sulfadiazine  offers  poor  bacteriologic  control  of  the  burn  wound  so  that 
patients  with  extensive  burns  (those  over  65  to  70%  with  a large  third 
decree  component)  pursue  a septic  course  starting  two  to  three  weeks  post 
burn.  It  is  our  opinion  at  present  that  although  sulfamylon  offers 
better  bacteriologic  control  of  the  burn  wound  it  accentuates  hyperventi- 
lation :n  the  early  burn  period  especially  immediately  after  resuscitation 
in  those  with  burns  over  30%.  This  appears  to  result  from  either  carbonic 
anhydrase  inhibition  or  an  as  yet  unidentified  activity  and  suggests  that 
sulfamylon  should  be  employed  cautiously  if  at  ell  in  the  early  post-burn 
period. 
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The  "xenon  lung  scan  continues  to  be  a useful  diagnostic  modality 
for  acute  inhalation  injuries.  Although  a small  number  of  false  positive 
and  false  negative  scans  have  been  identified,  these  patients  can  usually 
be  separated  on  clinical  grounds  and  bronchoscopi c findings.  Recently  the 
morphologic  changes  in  the  tracheobronchia 1 tree  resulting  from  inhalation 
injury  have  been  evaluated  by  fiberoptic  bronchoscopy.  Large  airway 
chemical  tracheobronchitis  has  been  identified  as  a variant  of  inhalation 
injury  in  the  absence  of  "^Xenon  sc int iphotograph ic  parenchymal  changes 
resulting  from  the  inhalation  of  products  of  incomplete  combustion.  V'ith 
tiie  two  modalities  the  inhalation  injury  can  be  divided  anatomically 
into  a large  airway  injury  and  parenchymal  injury.  At  present  an  investi- 
gation is  underway  to  assess  the  efficacy  of  systemic  steroids  administer- 
ed in  high  doses  within  the  first  72  hours  post  inhalation  injury.  Routine 
chest  roentgenography,  fiberoptic  b ronchoscopy , '33xenon  lung  scan  and 
pulmonary  function  studies  are  being  used  to  evaluate  diagnostic  accuracy 
and  the  effect  of  treatment  on  inhalation  injury. 

An  evaluation  of  Sutilain  enzymatic  debridement  of  burned  hands  has 
been  completed.  The  basic  findings  were  that  there  was  rapid  dissolution 
of  the  surface  of  the  eschar  in  the  enzyme  treated  hand,  ho/ever,  a 
graftable  wound  bed  was  achieved  no  more  rapidly  than  if  saline  soaks  had 
been  used  since  the  enzyme  appears  to  be  ineffective  in  removing  deep 
dermal  elements  and  necrotic  fat.  The  only  use  of  enzymatic  debridement 
for  burned  hands  is  for  softening  the  eschar  more  rapidly.  Such  a use 
may  be  an  alternative  to  digital  escharotomy. 

Glucose  kinetics  have  been  determined  in  5 patients  following 
thermal  injury  using  a computerized  one  pool  rodel  to  analyze  data  gen- 
erated from  intravenous  and  oral  glucose  tolerance  curves.  Glucose 
production  is  increased  to  3 to  k tines  normal  between  the  seventh  and 
fifteenth  day  post  injury  and  then  decreases  to  normal  with  closure  of 
the  burn  wound.  The  hyperglycemia  seen  during  the  post  injury  period  is 
related  to  increased  glucose  production  not  decreased  glucose  disap- 
pearance. This  is  in  marked  contrast  to  the  glucose  kinetics  during  the 
resuscitation  period  or  septic  episodes  which  are  characterized  by  pro- 
longed disappearance  of  the  glucose  from  the  glucose  space  and  minimally 
elevated  glucose  production. 

During  1?7^  research  has  continued  in  an  effort  to  modify  the 
central  nervous  system  adrenergic  response  following  thermal  injury.  To 
decrease  in  hypermetabolism  has  been  seen  with  the  use  of  topical  anes- 
thesia, regional  deinnervation  of  injured  extremities,  salicilate  admin- 
istration, calcium  infusion,  or  ingestion  of  L-Dopa.  The  hypermetabol i c 
response  of  normal  man  to  cold  exposure  was  decreased  by  inhaling  70^ 
helium  and  21 % oxygen  when  compared  with  studies  using  room  air  alone. 
Evaluation  of  the  role  of  the  inert  cases  on  central  nervous  system 
adrenergic  function  is  now  being  pursued  in  both  normal  subjects  and 
pat  ients  . 

Again  in  1S7^  the  two  major  fluid  electrolyte  disturbances  seen  at 
the  Institute  of  Surgical  Research  in  the  thermally  injured  patients 
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were  liy  pernat  remi  a and  hyponatremia.  Hyponatremia  reflecting  a water 
deficit  was  found  to  be  the  most  common  electrolyte  abnormality  in  burn 
patients  as  a whole,  hyponatremia  is  the  most  common  electrolyte  change 
in  the  burned  child  who  has  seizures  and  it  is  caused  by  either  excessive 
admi n i s t rat i on  or  too  rapid  administration  of  electrolyte  free  fluids  or 
the  ' leaching"  effect  of  silver  nitrate  dressings.  This  finding  calls 
for  caution  in  the  administration  of  non-electrolyte  fluids  in  snail  chil- 
dren and  a careful  monitoring  of  all  patients  in  silver  nitrate  dressings. 

Interest  was  continued  during  I97A  in  primary  excision  of  third 
degree  burns.  Final  evaluation  has  determined  that  the  carbon  dioxide 
laser  in  its  present  state  is  of  advantage  to  the  cutting  current  of  the 
electrocautery,  but  that  both  modalities  are  superior  to  the  scalpel  ex- 
cision. Excisions  have  fallen  into  two  categories,  massive  burns  excised 
and  covered  with  allograft  or  xenograft  which  have  uniformly  done  poorly, 
and  localized  third  degree  burns  in  areas  amenable  to  excision  in  patients 
with  moderate  size  burns  (1*0  to  65").  The  latter  have  virtually  always 
done  wel 1 . 

Tangential  excision  has  also  been  evaluated  during  1 S 7^ . The  tan- 
gential excisions  fall  into  two  groups.  The  first  being  tangential  ex- 
cisions of  burns  of  the  hands  with  early  autografting,  '..'hen  the  hand  to 
be  tangentially  excised  had  deep  second  degree  burns  the  results  were 
uniformly  excellent,  when  the  injury  was  full  thickness  the  results  were 
hard  to  distinguish  from  those  observed  by  allowing  the  eschar  to  sepa- 
rate spontaneously.  Tangential  excision  was  also  employed  in  patients 
having  full  thickness  wounds  with  tenacious  eschar.  The  eschar  was  tan- 
gentially excised  until  freely  bleeding  yellow  fat  was  encountered. 

'./hen  small  test  areas  of  graft  were  placed  on  the  yellow  fat  no  take  was 
accomplished.  The  routine  treatment  therefore  was  to  wrap  the  tangential- 
ly excised  extremity  in  sulfamylon  solution  soaks  and  allow  granulation 
tissue  to  form,  './ound  maturation  usually  takes  place  in  7 to  days 
following  which  the  '/ound  can  be  closed  with  "meshed"  grafts  with  excel- 
lent results. 

Nebulized  gentamycin  was  evaluated  as  a deterent  to  pulmonary  infect- 
ion during  197^.  Patients  that  developed  a roentcenolog ical ly  evident 
infiltrate  post-burn  were  treated  in  a double  blind  study  with  either 
nebulized  gentamicin  or  nebulized  saline.  Twenty  patients  have  been 
studied  to  date.  Seven  patients  in  each  group  were  fully  treated  and 
evaluated.  Six  of  seven  patients  treated  with  gentamicin  cleared  their 
infiltrates  whereas  only  two  of  seven  given  normal  saline  cleared  their 
infiltrates.  Hone  of  six  patients  in  the  gentamicin  treated  croup  died 
of  bronchopneumonia,  whereas  three  of  six  in  the  saline  group  died  of 
b ronchopneumon i a . The  study  is  continuing  to  determine  the  reliability 
and  significance  of  these  findings. 

Gastroesophageal  endoscopy  with  the  fiberoptic  endoscope  has  contin- 
uted  to  be  a valuable  diagnostic  modality  through  197^-  It  has  been 
found  to  be  a reliable  and  sensitive  method  of  diagnosing  upper  G! 
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disease.  Colonoscopy  has  been  undertaken  on  six  patients  within  72  hours 
post  burn.  Although  three  of  these  patients  showed  evidence  of  gastro- 
duodenal disease  on  gas t roduodenoscopy , all  of  the  patients  had  normal 
colonic  mucosa.  Before  the  occurrence  of  mic rovascu 1 ar  ischemia  with 
mucosal  damage  of  the  colon  can  be  documented,  additional  patients  must 
be  studied  with  upper  and  lower  tract  endoscopy  within  the  early  post- 
burn period. 

EDUCATION 

During  the  period  of  this  report,  3 surgical  residents  : rom  Brooke 
Army  Medical  Center,  1 from  Fitzsimons,  1 from  David  Grant  USAF  Medical 
Center,  Travis  AFB , California  and  I civilian  physician  from  Bexar  County 
Hospital  participated  as  active  members  of  the  medical  staff  for  periods 
of  1 to  3 months  as  part  of  their  surgical  training.  One  physician  from 
the  Army  of  Germany  and  one  from  the  Army  of  Venezuela  spent  three  months 
training  with  the  unit.  Two  Navy  and  five  Army  reserve  officers  comple- 
ted their  tours  of  active  duty  training  with  our  unit  for  periods  of  2 to 
6 weeks.  Two  interns  from  the  Department  of  Surgery  at  Brooke  each 
served  one  month  of  duty  at  the  unit  as  did  one  general  medical  officer 
from  the  Out  Patient  Department  and  one  general  surgeon  from  the  Army 
hospital  in  Okinawa.  One  civilian  physician  from  Syracuse  N.Y.  spent  two 
weeks  training  and  one  senior  medical  student  from  the  University  of 
Arizona  spent  a month  in  observer  training.  Thirty-nine  reserve  officers 
and  25  National  Guard  officers  and  paramedical  personnel  were  given  tours 
and  briefings.  Twenty-one  foreign  visitors  from  the  following  countries: 
Belgium,  Pakistan,  Thailand,  Paraguay,  Jordan,  Israel,  Australia,  India, 
England,  Mexico,  \!est  Germany  and  Sweden  received  briefings  on  the  care 
of  the  thermally  injured  patient  and  on  the  overall  mission  of  the  Insti- 
tute of  Surgical  Research.  Approximately  103  civilian  and  military 
physicians  and  192  nurses,  students  and  paramedical  personnel  visited  and 
were  briefed  during  197*4- 

Numerous  scientific  presentations  concerning  various  aspects  of 
thermal  injury  werymade  by  members  of  the  Clinical  Division  at  local, 
state,  regional  and  national  meetings  as  listed  at  the  end  of  this  section. 

STATISTICAL  RESUME 

During  the  year  197**,  244  thermally  injured  patients  were  admitted 
to  the  Institute  of  Surgical  Research.  As  in  1973  no  patients  were  air 
evacuated  by  the  Institute  of  Surgical  Research  Burn  Team  from  the  Far 
East.  There  were  226  dispositions  during  1974  and  the  subsequent  data 
'will  be  based  on  those  dispositions.  The  patients  ranged  in  age  from 
5 months  to  83  years  with  1 80  males  and  **6  females.  The  average  age  of 
the  patient  was  28.5  years  wi  th  an  average  burn  size  of  41.5”,  and  a 19. 85 
average  third  degree  component.  The  average  burn  index  was  30.55.  Out 
of  226  dispositions,  178  had  third  degree  burns  (78.85).  Forty-five 
patients  were  less  than  15  years  of  age  with  an  average  age  of  6.3  years. 
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The  average  total  burn  in  the  pediatric  age  group  was  33%  with  18.5% 
being  third  degree.  The  burn  index  in  children  was  26%.  Of  the  45 
pediatric  patients  admitted,  35  had  some  third  degree  burn  (77.8%). 

The  mortality  in  the  pediatric  age  group  was  35-5%.  In  the  croup 
of  pediatric  burn  patients  who  died,  the  average  age  w as  6.3  years  and 
the  average  burn  size  was  60%  with  38.6%  being  third  degree.  The  overal 
mortality  for  the  year  1974  was  42.9%  or  97  patients  out  of  the  226 
expired,  of  which  76  were  male  and  21  were  female.  The  average  age  of 
the  patient  who  died  was  32  years  and  in  this  group  the  average  total 
burn  was  60.8%  with  35%  being  third  degree  for  a burn  index  of  48%.  The 
increase  in  mortality  compared  to  previous  years  is  partly  related  to 
the  fact  that  no  patients  from  Southeast  Asia  have  been  air  evacuated 
and  the  number  of  acute  admissions  has  increased  markedly  as  has  the 
average  total  per  cent  burn  increased  in  the  patients  admitted  to  the 
Institute  of  Surgical  Research.  Of  the  97  patients  who  expired  85  or 
87.6  had  some  third  degree  burn.  Autopsies  were  performed  in  79 
patients  (81.4%)  of  all  the  deaths.  The  average  post  burn  day  of 
death  was  21.4  which  is  a marked  increase  from  the  11.8  of  1973  and 
may  represent  the  effect  of  the  change  in  topical  agent  used  in  the 
early  post  burn  period. 

Table  1 identifies  the  source  of  admission  of  patients  during  the 
calendar  year  1974.  The  majority  of  the  burns  were  from  the  Continental 
United  States.  Table  2 summarizes  the  burn  etiology  in  1974.  Table  3 
summarizes  the  effect  of  age  and  total  body  surface  burn  on  mortality. 

Table  4 lists  the  mortality  rates  in  increments  of  10%  total  body 
surface  burn  from  the  years  1971  through  1974.  Table  5 presents  the 
survival  and  mortal i ty  rate  of  patients  with  greater  than  30%  body  sur- 
face burns  in  the  calendar  years  1955”1974.  It  should  be  noted  that 
there  are  no  marked  changes. 

Table  6 shews  a comparison  of  burn  mortality  in  the  pre-topical 
antimicrobial  years  1962-1963  with  the  cummulative  index  since  1965  when 
Sulfamylon  and  later  silver  sulfadiazine  have  been  used.  As  previously 
reported  the  improvement  is  primarily  in  that  group  of  burn  patients 
whose  injury  is  30-60%  with  little  if  any  change  in  those  patients  with 
greater  than  60%  injury. 

The  average  hospital  stay  in  1974  was  42.3  days,  './hen  convalescent- 
leave  for  active  duty  military  personnel  was  excluded  the  average  hos- 
pital stay  was  39-6  days.  The  average  post  burn  admission  day  to  the 
Institute  of  Surgical  Research  was  2.8.  This  figure  reflects  a decrease 
in  the  average  post  burn  day  of  admission  from  11.2  days  in  1970  to  9 
days  in  1971  and  7 days  in  1972  and  5 days  in  1973.  The  decrease  in  the 
average  admission  time  is  because  the  patient  population  originates  in 
the  Continental  United  States  and  also  reflects  the  rapid  aeromedical 


Table  1.  Source  of  Admission,  197** 


Area 

A 

AD 

AF 

AFD 

N 

ND 

VAB 

0 the  r 

TOTAL 

1st  A rmy 

3 

1 

0 

0 

1 

0 

4 

6 

15 

3 rd  A rmy 

3 

3 

0 

3 

2 

3 

8 

15 

37 

5th  Army 

12 

9 

10 

13 

2 

3 

18 

64 

131 

b t h A rmy 

2 

1 

8 

2 

0 

0 

3 

9 

24 

MDW 

2 

0 

0 

0 

0 

0 

0 

0 

2 

Alaska 

1 

0 

1 

0 

0 

0 

1 

2 

5 

Germany 

2 

2 

2 

0 

0 

0 

0 

0 

6 

Eng  1 and 

0 

0 

0 

1 

0 

0 

0 

0 

1 

Spain 

0 

0 

0 

0 

0 

1 

0 

0 

1 

Mexi co 

0 

0 

0 

0 

0 

0 

0 

1 

1 

San  Salvador 

0 

0 

0 

0 

0 

0 

0 

1 

1 

Oki nawa 

0 

0 

0 

1 

0 

0 

0 

0 

1 

Tha i 1 and 

0 

0 

0 

0 

0 

0 

0 

1 

1 

25  16  21  20  57  3^  98  226  i 


j A - Army  N - Navy,  Marine  Corps  & US  Coast  Guard 

AF  - Ai r Force  VAB  - Veterans  Administration  Beneficiary 

0 - Dependent 

Other:  Civilian  Emergency  (95) 

US  Public  Health  Service  Beneficiary  (2) 

Bureau  of  Employees'  Compensation  Beneficiary  (1) 


10 


Number  of 


*t®  •'  sl>own  In  parentheses  . 


Table  5.  Per  Cent  Burn  Versus  Survival,  1955*1974 


Year 

S u r v i 

Ivors  (burns 

over  30 '/) 

No . 
Cases 

Deaths 

MO  . 

Cdbes 

Ave  rage 

Burn 

Average  / 

C Burn 

Tot  a 1 

3" 

Tota  1 

3" 

1955 

20 

39-5 

20.3 

21 

55.6 

38.1 

1956 

22 

41.0 

17.3 

20 

57-8 

37.8 

1957 

19 

38.4 

24.1 

17 

57.  1 

38.8 

1958 

15 

42.3 

21  .6 

23 

56.5 

35-3 

1959 

29 

43.1 

20.6 

24 

63.1 

38.1 

I960 

17 

4*4.2 

20.1 

30 

57.8 

37.3 

1961 

18 

4*4.2 

25.0 

31 

58.0 

39.7 

1962 

18 

42.7 

21  .4 

54 

59.1 

46.2 

1963 

28 

45.8 

19.6 

57 

69.O 

*4 1 .0 

196*4 

*40 

41.8 

14.8 

37 

65.O 

42.4 

1965 

*47 

43.8 

21  .0 

33 

66.0 

33-4 

1966 

68 

41.5 

14.9 

59 

59.9 

31.3 

1967 

103 

42.7 

13.3 

51 

59-9 

32.3 

1968 

143 

44.2 

12.6 

38 

54.6 

24.6 

1969 

113 

43.2 

11.1 

70 

58.7 

26.4 

1970 

92 

39.4 

10.7 

70 

51  .9 

32.6 

1971 

63 

41  .9 

14.0 

68 

60.8 

38.0 

1972 

62 

42.0 

17.2 

103 

56.7 

35.9 

1973 

47 

43.7 

19.6 

113 

60.3 

36.2 

1974 

55 

43.9 

12.2 

97 

60.8 

35.9 

evacuation  carried  out  by  the  Institute  of  Surgical  Research. 


During  the  year  1974  1 ,094  operations  were  performed  on  195  patients, 
an  average  of  5 operations  per  patient.  Three  hundred  and  ninety-two 
anesthetics  were  performed  on  176  patients  or  3 anesthetics  per  patient. 

A total  of  670  ward  procedures  were  performed.  Two  hundred  and  fifty- 
eight  autografting  procedures  were  carried  out  on  104  patients  or 
approximately  2 1/2  procedures  per  patient.  Thirty-eight  patients  had 
92  applications  of  allograft  or  an  average  of  approximately  three 
applications  per  patient. 


£ 
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Porcine  cutaneous  xenograft  was  applied  to  28  patients  1 0 3 times  or 
an  average  of  4 times  per  patient.  There  was  a marked  decrease  in  the 
use  of  porcine  cutaneous  xenograft  during  1974.  Evaluation  of  this 
material  on  wounds  ready  to  accept  autograft  and  on  wounds  not  clean 
enough  to  autograft  revealed  that  it  was  least  desirable  of  any  of  the 
materials  tested.  Cadaver  allograft  was  aseptically  harvested  from  33 
donors,  a drop  from  56  in  1973-  Escharotomi es  were  performed  on  63 
patients  or  27-9%  of  all  dispositions.  Twenty-eight  patients  required 
amputations,  15  of  these  were  major. 

Tracheostomy  was  performed  in  37  patients  or  16.41  of  all  dispos- 
itions. The  specific  indications  for  tracheostomy  were  the  need  for 
prolonged  ventilatory  support,  upper  ai rway  obstruction,  and  inhalation 
i n j u ry  . 

One  hundred  and  fifty-two  patients  or  62%  of  all  dispositions  had 
at  least  one  blood  culture  drawn  during  their  hospitalization  and  100 
patients  had  a positive  blood  culture.  Fc-  further  information  on 
bacteriologic  data  the  reader  is  referred  to  the  succeeding  chapters. 
Suppurative  thromboph 1 eb i t i s occurred  in  11  patients  or  5%  of  all  dis- 
positions. In  keeping  with  the  high  index  of  suspicion  of  suppurative 
thrombophlebitis,  31  cutdowns  were  explored.  An  important  aspect  of 
burn  therapy  is  monitoring  the  burn  wound  and  this  is  done  with  frequent 
wound  biopsies.  Eighty-four  patients  or  37%  of  all  dispositions  in  1974 
had  at  least  1 wound  biopsy  performed. 

A total  of  623,450  cc  of  blood  were  administered  to  140  patients  or 
62%  of  all  dispositions.  An  average  of  4,531  cc  of  blood  were  given  to 
each  of  the  140  patients. 

Seventy-nine  patients  or  35%  of  the  dispositions  had  some  type  of 
associated  injury  upon  admission.  Five  per  cent  of  the  patients  had  a 
major  fracture.  Other  significiant  orthopedic  problems  which  developed 
during  the  hospital  stay  included  exposed  tendon  and  bones  of  all  four 
extremities,  3 open  knee  joints,  1 open  shoulder  joint  and  many  open 
small  joints  of  the  hand.  There  were  3 cases  of  significant  osteomye- 
litis. There  were  frequent  ophthalmologic  injuries  in  the  226  disposi- 
tions. They  included  cornea  1 burns,  corneal  abrasion,  corneal  lacer- 
ation and  thermal  injury  of  the  lids.  Significant  long  term  sequelae  of 
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eyelid  burns  occurred  in  the  form  of  all  degrees  of  ectropion.  Of  the 
surviving  patients  in  197**  there  was  only  one  with  permanent  visual 
impairment,  that  occurring  secondary  to  a corneal  scar  resulting  from  a 
deep  corneal  burn. 

Another  significant  problem  of  the  thermally  injured  patient  is 
chondritis.  Twelve  patients  or  5 % of  all  dispositions  developed  auricular 
chondritis  during  197**  and  chondrectomy  was  performed  in  17  ears.  Several 
patients  lost  a portion  of  their  ears  due  to  direct  thermal  trauma. 

Gastrointestinal  complications  again  we  re  quite  prominent  in  our 
burn  population.  Gastrointestinal  bleeding  of  some  type  occurred  in 
42  patients  or  )8.6%  of  all  dispositions.  Gastrointestinal  ulcers 
diagnosed  either  roentgenograph  ical ly  or  endoscopical ly  occurred  in  48 
patients  or  21.2%  of  all  dispositions.  Duodenal  or  gastric  ulcers  were 
the  cause  of  bleeding  in  23  patients.  Five  patients  developed  perforated 
gastroduodenal  ulcers  and  12  patients  had  exploratory  laparotomy  for 
complications  secondary  to  ulcer  disease.  Superior  mesenteric  artery 
syndrome  occurred  in  three  patients,  two  requiring  surgery,  both  with 
an  unfavorable  termination,  a third  managed  conservatively  did  wel 1 . 

Other  major  gastrointestinal  complications  detected  by  fiberoptic 
endoscopy  included  gastritis  in  35  patients,  duodenitis  in  12  patients, 
esophagitis  in  29  patients  and  esophageal  ulcerations  in  10  patients. 

Acute  acalculous  cholecystitis  was  diagnosed  at  post  mortem  examination 
in  three  patients  but  in  no  patient  was  it  the  cause  of  death.  Pancre- 
atitis usually  of  the  interstitial  type  and  of  mild  degree  was  diagnosed 
in  10  patients,  a fourfold  decrease  from  1973  probably  related  to  chang- 
ing pathologic  criteria.  Major  renal  complications  in  our  burn  populat- 
ion include  some  degree  of  renal  failure  usually  as  a terminal  event  in 
54  patients.  Hemodialysis  was  carried  out  on  nine  patients  and  periton- 
eal dialysis  on  1 patient. 

Cardiac  complications  continued  to  play  a significant  role  in 
patient  morbidity  and  mortality.  Nine  patients  sustained  an  acute  myo- 
cardial infarction  and  all  succumbed  to  the  insult.  During  1974  there 
were  several  established  cases  of  acute  bacterial  endocarditis.  Staphylo- 
coccus aureus  coagulase  positive  was  the  predominant  organism.  Five  cases 
were  diagnosed  prior  to  death,  four  of  these  were  resistant  to  intensive 
antibiotic  therapy  and  had  a fatal  termination.  A fifth  case  had  his 
mitral  valve  replaced  with  subsequent  clearing  of  his  blood  stream 
infection,  only  to  succumb  32  days  later  to  a gram  negative  mediastini- 
tis.  At  post  mortem  examination  the  prosthetic  valve  was  well  seated 
and  free  of  bacterial  involvement.  The  remainder  of  the  myocardial 
infectious  problems  were  those  related  to  terminal  sepsis. 

Pulmonary  problems  continued  to  be  a significant  cause  of  morbidity 
and  mortality  in  1974  as  they  had  in  the  past.  However,  with  the  discon- 
tinuance of  early  post-burn  Sulfamylon  burn  cream,  topical  therapy,  early 
pulmonary  problems  were  reduced  and  those  problems  related  to  long  term 
sepsis  in  the  debilitated  patient  were  of  relatively  greater  consequence. 
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With  the  patients  surviving  longer  yet  dying  of  later  septic  comp  I i ca t i ons 
there  was  an  increase  in  both  hemotogenous  pneumonia  and  bronchopneumonia. 
Inhalation  injuries  diagnosed  either  by  bronchoscopy  or  133Xenon  scan  were 
noted  in  51  patients  or  22.6%  of  the  dispositions.  The  other  significant 
pulmonary  problem  was  pneumothorax  occurring  in  15  patients  either 
associated  with  use  of  a mechanical  ventilator  or  insertion  of  a subclav- 
ian venous  cannula.  Pulmonary  emboli  were  diagnosed  in  2k  patients 
during  197**  either  by  clinical  findings  and  lung  scan  or  at  autopsy  exam- 
ination. 

SUMMARY 

During  197**  226  patients  were  admitted  to  the  U.S.  Army  Institute 
of  Surgical  Research.  The  basic  change  in  the  therapeutic  approach  to 
the  burn  patient  is  the  d i scon t i nuance  of  Sulfamylon  burn  cream  in  the 
early  post  burn  period.  There  w ere  fewer  significant  early  pulmonary 
comp  1 i ca t i ons , a much  more  benign  early  post  burn  course,  an  Increase  of 
the  LA50  over  recent  past  years  but  with  the  prolonged  survival  we  have 
seen  a relative  increase  in  septic  deaths  in  patients  with  large  burns. 
Infection  continues  to  be  the  most  frequent  cause  of  mortality  in  the 
thermally  injured  patient.  Clinical  research  efforts  are  oriented  towards 
evaluation  of  control  of  the  septic  process  with  ongoing  research  on  the 
efficacy  of  various  topical  agents,  the  role  of  hydrotherapy  in  the  man- 
agement of  the  burn  wound,  the  use  of  systemic  antibiotics,  immunosuppres- 
sion with  excision  and  allografting  in  massive  burns,  and  other  efforts 
to  improve  the  survival  of  the  burned  soldier. 
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Tab le  7.  Causes  of  Death,  197^ 


tOD*y  not  perform*' 


Severe  ’ nhal at i 


Autopsv  not  performed 


insufficiency;  aspiration  pnetnonitis 


'il'ixjre  0'!:  "tot.ibul  ic  Aspects  of  Barn  Care.  Un  i v of  Kan  Trauma 

lijnt  , Kansas  City,  Kan  7 Jan  Jk . 
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,.‘i  I more  D W:  Trejfont  of  Burn..  Grand  Bounds,  Department  of 

Surnr-ry,  Amderbilt  University,  Nashville,  Tenn  12  Jan  74. 

Pruitt  BA  Jr:  1)  Current  Methods  of  Burn  Care;  2)  Acid-base  Distur- 

'' alters  in  Injured  'ian.  CS  T rauna  Course,  .Jew  Orleans,  LA  14-17  Jan  74. 

Salisbury  RE:  Evaluation  of  Digital  Escharotomy  in  Thermally  Injured 

Hands  . 

Pruitt  BA  Jr:  Jewcr  Opportunistic  Infections  in  Burns. 

Levine  MS:  A Comparison  of  Coarse  Mesh  Gauze  Versus  Biologic  Dres- 

.inc;;,.  Seventh  An  I Sy  :p.  of  Military  Plastic  Surgery,  hash  DC  23  Jan  74. 

Mil;, lore  DW : Energy  Metabolism  Following  Injury.  Grand  Rounds,  Dept 

of  Surgery,  Uni v of  Maryland,  Baltimore,  MD  25  Jan  74. 

McGranahan  B3:  Nursing  Care  in  Burns.  Sch  of  Aerospace  Med,  3 rooks 

ArB  TX  25  Jan  74. 

Mc.Mhany  JC  Jr:  Treatment  of  Burns.  Off  Basic  Course,  Academy  of 

Health  Sciences,  Fort  Sam  Houston,  TX  25  Jan  74. 

Long  JM  III:  Serum  and  Liver  Vitamin  A Levels  in  Thermally  Injured 

Patients.  Technical  Conf  on  Parenteral  Vitamins,  A.M.A.,  F.D.A.,  Mash  DC 
28  Jan  74 

V/ilmore  DW:  Metabolism  Following  Injury.  Dept  of  Surgery,  Univ  of 

Ohio,  Toledo,  OH.  5 Feb  74. 

Long  JM  III:  Total  nutrition  by  Vein.  Southwest  Foundation  Forum, 

San  Antonio,  TX.  6 Feb  74. 

Salisbury  RE:  Artificial  Prostheses  for  Tendon  Injuries:  Mechanical 

Problems  and  Cellular  Response.  Interdisciplinary  Conf,  Biomedical  Re- 
search Problems  in  a Changing  World.  Institute  for  Molecular  Physics, 

Univ  of  Maryland.  6 Feb  74. 

Orcutt  TW  and  Hayward  CD:  The  Burn  Insult.  Nursing  students,  San 

Antonio  College,  San  Antonio,  TX  II  Feb  74. 

McGranahan  BG : Nursing  Care  of  Burns.  AORI!  Convention,  Mew  Orleans, 

LA  12  Feb  74. 

Hunt  JL : The  Treatment  of  Burns.  Medical  .Aspects  of  Advanced  Warfare 

Course,  USAF  Sch  of  Aerospace  Med,  Brooks  AF3,  TX . 12  Feb  /-* . 


Pruitt,  BA  Jr:  Discussant  of  paper  on  water  holding  skin  lipid. 

Society  of  University  Surgeons  Meeting,  St.  Louis,  MO.  14—16  Feb  lb . 


Taylor  JW:  Burn  Care.  Un i v of  Tex  Med  Sch  at  San  Antonio,  San 

Antonio,  TX  21  Feb  7^. 

McGranahan  BG : Burn  Treatment.  R.N.  Club,  Randolph  AFB,  TX  25  Feb 

7*4. 


Wilmore  DVJ:  Energy  Balance  in  Acute  Illness.  Tex  State  Nutritional 

Council,  Univ  of  Tex  at  San  Antonio,  San  Antonio,  TX  23  Feb  lb. 

Wilmore  DW ; Resuscitation  Following  Burn  Injury.  Inti  Med  Assembly 
of  Southwest  Tex,  San  Antonio,  TX  1 Mar  lb. 

Agee  RN : Classification  of  Burns.  Students  Intensive  Care  Nursing 

Course,  Brooke  Army  Medical  Center,  Fort  Sam  Houston,  TX  4 Mar  lb. 

The  following  p resen  tat i ons  were  given  to  the  Brooke  Army  Medical 
Center-Univ  of  Texas  Medical  School  at  San  Antonio  Symp  on  Surgical  & 
Orthopaedic  Aspects  of  Trauma,  San  Antonio,  TX  5 Mar  lb: 

Pruitt  BA  Jr:  Fluid  Resusc i tat  ion  and  Early  Care  of  the  Burn  Patient 

Agee  RN:  Topical  Therapy  in  Burn  Wound  Care 

Orcutt  TW:  Coverage  of  the  Burn  Wound 
Levine  NS:  Excision  of  the  Burn  Wound 

Salisbury  RE:  Special  Considerations  in  Treatment  of  Hand  Burns 

Petroff  PA:  Inhalation  Injury  and  Other  Pulmonary  Complications 

Long  JM  III:  Gastrointestinal  Complications. 

Hunt  JL : Diagnosis  and  Treatment  of  Newer  Opportunistic  Infections 

Wilmore  DW : Nutritional  and  Metabolic  Cons i de rat  ions  in  the 

Treatment  of  Burn  Patients 

Peterson  HD:  Reconstructive  Surgery  of  the  Burn  Patient  and  the 

Treatment  of  Scars. 

Orcutt  TV’/ : Burns.  Allied  Medical  Officers,  Sch  of  Aerospace 

Medicine,  Brooks  AFB,  TX  8 Mar  lb. 

Taylor  JW:  Burn  Wound  Therapy.  Students  Intensive  Care  Nursing 

Course,  Brooke  Army  Medical  Center,  Fort  Sam  Houston,  TX  II  Mar  lb. 

Taylor  JW , McGranahan  BG,  Hall  WF,  Diaz  HM:  Team  Approach  to  Care 

of  Burn  Patients.  Physical  Therapy  School,  Academy  Health  Sciences, 

Fort  Sam  Houston,  TX  11  Mar  lb. 

Pruitt  BA  Jr:  Early  Complications  of  Burns.  Hahnenann  Continuing 

Education  Program,  C roze r-Ches te r Med  Ctr,  Philadelphia,  PA  12  Mar  lb. 

Long  JM  III:  Hyperalimentation.  Students  Intensive  Care  Nursing 

Course,  3rooke  Army  Medical  Center,  Fort  Sam  Houston,  TX  15  Mar  lb. 
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Orcutt  T\!:  Treatment  of  Burns.  Officers  Basic  Course,  Academy  of 

Health  Sciences,  Fort  Sam  Houston,  TX  15  Mar  ~]k . 

McGranahan  3G : Nursing  Care  and  Treatment  of  Burns.  Flight  Nurses 

and  Technicians,  Sch  of  Aerospace  Med,  Brooks  AFB  TX  15  Mar  ~]h , 

Blumle  ML:  Role  of  the  Research  Nurse.  Incarnate  Word  Sch  of  Nur- 

sing San  Antonio,  TX  18  Mar  7k. 

Salisbury  RE:  Pseudosheaths  Found  by  Gliding  Tendon  Prostheses. 

Thomas  Jefferson  Univ,  Philadelphia,  Pa.  15  Mar  jk . 

The  following  presentations  were  given  at  the  Methodist  Hospital 
Burn  Seminar,  Gary,  Indiana  on  22-23  Mar  yk: 

Orcutt  TV/:  1)  The  Burn  Insult;  2)  Initial  Management;  3)  Contempor- 

ary Burn  Wound  Management;  k)  Comp  1 i cat i ons  in  Burns 

Curtis  MA : I)  Intensive  Care  Nursing  Assessment  and  Intervention; 

2)  Psychological  Problems  in  Burn  Patients 

Townsend  JC:  Physical  Therapy  Management  of  Burn  Patients 

Shaw  AL : Occupational  Therapy  and  Splint  Management 

Hunt  JL : Burn  Victim.  Continuing  Medical  Education  Course  Evaluat- 
ion of  Trauma  University  of  Tex  Med  Sch  at  San  Antonio,  San  Antonio,  TX 
23  Mar  Jk 

Long  JM  III:  Clinical  Aspects  of  I.V.  Hyperalimentation.  Seminar  on 

Intravenous  Feeding  Techniques  for  Nurses,  Pharmacists  and  Physicians, 

N.  California  Soc  of  Hospital  Pharmacists.  Oakland,  CA  23  Mar  7*t  • 

Wilmore  DW:  Fluid  Electrolyte  Balance.  Course  lecturer,  American 

College  of  Surgeons,  Houston,  TX  25-26  Mar  Ik. 

Wilmore  DW : Hormone  Regulation  of  Metabolism.  American  College  of 

Surgeons,  Houston,  TX  27  Mar  7k. 

Long  JM  III:  Potential  Complications  of  Intravenous  Hyperalimentation. 

Grand  rounds,  Wilford  Hall  USAF  Hospital,  Lackland  AFB,  TX  30  Mar  7k. 

Czaja  AJ : Acute  Gastroduodenal  Disease  after  Thermal  Injury:  An 

Endoscopic  Evaluation  of  Incidence  and  Natural  History.  Amer  College  of 
Physicians,  New  York,  NY  k Apr  7^ • 

The  following  presentations  were  made  at  the  American  Burn  Association 
Anl  mtg  in  Cincinnati,  Ohio  k-6  Apr  7k: 

Podgornoff  WC : Parenteral  Nutrition  in  Burned  Patients:  Nursing 

Cons i derat i ons 

Salisbury  RE:  Evaluation  of  Extended  Digital  Escharotomy  in  Thermally 

Injured  Hands 

Taylor  JW:  Thermal  Injury  During  Pregnancy 
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i ng  in  the  Post-Traumatic  Metabolic  Response  Fol lowing  Thermal  Injury 

, Long  JM  III:  Burn  Injury:  Diagnosis,  Treatment  and  Prevention.  San 

Antonio  Chapter,  American  Soc  < . Mechanical  Encr s mtg  18  Apr  )k 

Hunt  JL : '/bar's  He:/  in  Burns.  I.'eber  County  Medical  Society  mtg, 

: Mill  Air  Force  Base,  Utah  1 8 Apr  7 k 

Long  JM  III:  What's  Hew  in  the  Metabolic  and  Nutritional  Support  of 

Burn  Patients;  2)  Current  Therapy  for  Burn  Injuries.  Seminar  - Medical 
Research  and  Consultant  Staff,  McGaw  Laboratory,  Glendale,  CA  26  Apr  7k 

Long  JM  III:  Intravenous  Hy pe ra 1 i men t at i on . Seminar  - California 
State  Society  of  Intravenous  Therapists,  Los  Angeles,  CA  27  Apr  7k 

Pruitt  BA  Jr:  Nutrition  for  the  Hype rmetabol i c Burn  Patient.  Case 

discussion  of  two  burn  patients.  Symp  on  the  Treatment  of  Burns. 
Beverwijk,  Holland  26-27  Apr  Jk . 

Long  JM  III:  Clinical  Aspects  of  I"  Myperal imentat ion . Kane  County 

Medical  Society,  Geneva,  IL  1 May  Ik 

e 

; Long  JM  III:  Intravenous  Hyperalimentation.  Seminar  for  Interns, 

Residents  and  Nursing  Staff,  Rush -P resby te r i an  St  Luke's  Medical  Center, 

* Chicago,  IL  1 May  ~lk 

j Pruitt  BA  Jr:  Discussant  of  paper  on  Enzymatic  Debridement  of  Burns. 

American  Surgical  Assn  mtg,  Colorado  Springs,  CO  1-3  May  Ik. 

Long  JM  III:  Intravenous  Hyperalimentation.  Staff  Dept  of  Surgery 

Un i v of  Chicago  Med  Sch,  Chicago,  IL  2 May  Jk 

Long  JM  III:  Principles  of  Intravenous  Hyperalimentation.  Evanston 

Hospital,  Evanston,  IL  2 May  7k 

Long  JM  III:  The  Current  Management  of  Burn  Injury.  Texas  Medical 

Assn  on  Trauma,  Dallas,  TX  3 May  7k 
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Hunt  JL:  Life  Saving  Measures  for  the  Critically  Injured.  Cincin- 

nat i , OH  8 May  7b 

Pruitt  BA  Jr:  Early  and  Late  Problems  in  Management  of  Major  Burns. 

Western  Hew  York  Cr-.jpter  ACS  mtg,  '-.’anakah,  MY  9-10  flay  Ik. 

Pruitt  3A  Jr:  Organization  of  County  Units.  Anl  mtg  of  American 

Trauma  Society,  Chicago,  IL  12  May  lb. 

Czaja  AJ : Acute  Duodenal  Disease  after  Thermal  Injury:  Assessment 

b,  Early  and  Serial  Endoscopy.  Ame r Soc  for  Gastrointestinal  Endoscopy. 

San  Crar.c  i >co,  CA  22  May  Ik. 

Long  JM  III:  Current  Treatment  of  Burns.  Seminar  for  Military 

Pharmacists,  San  Antonio,  TX  2k  May  Ik 

l/ilmore  D’.7:  Total  Intravenous  Nutrition.  Seminar  for  Military 

Dha  rmac  i s ts  , Son  Antonio.  TX  2k  ’lay  Ik 

The  following  oresentat ions  were  made  at  a Team  Symposium  on  Burns  at 
the  Mid-west  Health  Congress,  Kansas  City,  MO  10-12  Jun  7k: 

Agee  RN : Management  of  Thermal  Injuries 

Curtis  HA:  Nursing  Care  of  the  Burn  Patient 

Townsend  JC : Physical  Therapy  for  the  Burn  Patient 

Shaw  AL : Occupational  Therapy  in  the  Burn  Unit 

Pruitt  BA  Jr:  l)Discussant  of  paper  by  J.  Kohn  of  London,  entitled, 

::The  Role  and  Value  of  Antiseptics  in  a Burn  Unit."  2)  Discussant  of  paper 
by  R.  Zellner  of  v/udwi gshafen  , W.  Germany,  entitled  Problems  of  Vaccina- 
tion Against  Pseudomonas  Infection  and  3)  From  the  Clinic  to  the  Labor- 
atory and  Back--The  Effectiveness  of  Interdisciplinary  Burn  Research  at  the 
US  Army  Institute  of  Surgical  Research  Inauguration  Syrr.p  on  Burns,  Uni  v 
Med  Ctr,  Ljubljana,  Yugoslavia.  7~8  Jun  7k. 

Curtis  :JA:  Nursing  Care  of  the  Burn  Patient.  Flight  nurses  and 
technicians,  Sch  of  Aerospace  Med,  Brooks  AFB,  TX  25  Jun  7k 

Czaja  AJ : Acute  Gastroduodenal  Disease  Following  Thermal  Injury. 

Univ  of  Tex  Health  Science  Center,  San  Antonio,  TX  12  Ju!  7k. 

Long  JM  III:  IV  Hype ra 1 i mentat ion . Nurses  and  Pharmacists,  St. 

Mary's  Hospital;  2)  Practical  Aspects  of  IV  Hyperalimentation.  Medical 
staff  mtg,  St.  Mary's  Hospital;  3»  ronsu)tant  visit,  Burn  Unit  ’./ashoe 
County  Medical  Center,  Reno,  MV  15  Jul  /■> . 

Long  JM  III:  Intravenous  Hyperalimentation.  Florida  Society  of 

Hospital  Pharmacists  and  Nurses  of  the  Miami  area,  Hollywood,  rL  1?  Jul  7k 
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Pete  rson  HD : 


Management  of  Thermal  Injuries. 


Officers  Basic  Course, 


Academy  of  Health  Sciences,  Fort  San  Houston,  TX  19  Jul  7*t 

Berry  DM:  Nursing  Research.  Students  Intensive  Care  Nursing  Course, 

Brooke  Army  Medical  Center,  Fort  Sam  Houston,  TX  22  Jul  Jk 

Peterson  HD:  I)  Acute  Management  of  Burns.  Arkansas  Trauma  Research 
Society  Physicians;  2)  Nurses  Role  in  the  Management  of  the  Acute  Burn. 
Arkansas  Trauma  Research  Society  Nurses,  Arkadelphia  AR  2 Aug  lb 

Long  JM  III:  Practical  Aspects  of  Intravenous  Hyperalimentation. 

Univ  of  TX  Med  Sch  Surgical  Conf,  Medical  students.  Interns,  Residents 
and  visiting  staff.  San  Antonio,  TX  9 Aug  ~/U 

Agee  RM : Treatment  of  Burns.  Officers  Basic  Course,  Academy  of 

Health  Sciences,  Fort  Sam  Houston,  TX  12  Aug  lb 

Agee  RN : Treatment  of  Burns.  Officers  Basic  Course,  Academy  of 

Health  Sciences,  Fort  Sam  Houston,  TX  16  Aug  7^ 

Long  JM  III:  Prevention  and  Treatment  of  Electrical  Injuries.  USA 

Communications  Command  Regional  Conf,  San  Antonio,  TX  20  Aug  7 b 

Peterson  HD:  Treatment  of  Burns.  Officers  Basic  Course,  Academy  of 

Health  Sciences,  Fort  Sam  Houston,  TX  30  Aug  lb 

Agee  RN : Classification  of  Burns  - Initial  Care.  Students  Intensive 

Care  Nursing  Course,  Brooke  Army  Medical  Center,  Fort  Sam  Houston,  TX 
b Sep  lb 

Taylor  JW:  Burn  '.found  Therapy.  Students  Intensive  Care  Nursing 

Course,  Brooke  Army  Medical  Center,  Fort  Sam  Houston,  TX  9 Sep  7^ 

Czaja  AJ : Acute  Gas t roduodena 1 Disease  after  Burns.  Mayo  Clinic 

Gastroenterology  Unit,  Rochester,  Minn  13  Sep  lb. 

Long  JM  I I I : 1)  Hypermetabolism  and  Nutritional  Support  After  Major 

Thermal  Injury;  2)  The  I n te r re  1 a t i onsh i p of  Fat  and  Carbyhydrate  as 
Caloric  Sources  for  Total  Intravenous  Nutrition.  International  Congress 
of  Parenteral  Nutrition,  Montpellier,  France  12-14  Sep  lb 

Erickson  DR:  Complications,  Infection,  Inhalation  Injuries.  Students 

Intensive  Care  Nursing  Course,  BAMC  , Fort  Sam  Houston,  TX  16  Sep  lb 

Pruitt  BA  Jr:  1)  The  Use  of  Topical  Chemotherapy  and  Tissue  Biopsies 
for  the  Control  and  Monitoring  of  Burn  Wound  Infection:  Results  in  over 

2900  Burn  Patients;  2)  Workshop  moderator  and  plenary  session  panelist  for 
plenary  session  on  Infection  and  Sepsis'.  Fourth  International  Congress 
on  Burn  Injuries,  Buenos  Aires,  Argentina.  15-21  Sep  lb. 
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Hunt  JL:  Life  Saving  Measures  for  the  Critically  Injured.  Cincin- 

nati, OH  8 May  7b 

Pruitt  BA  Jr:  Early  and  Late  Problems  in  Management  of  Major  Burns. 

Western  dew  York  Chapter  ACS  mtg,  Wanakah , NY  9—10  May  7b. 

Pruitt  3A  Jr:  Organization  of  County  Units.  Anl  mtg  of  American 
Trauma  Society,  Chicago,  IL  12  May  Jb  . 

Czaja  AJ  : Acute  Duodenal  Disease  after  Thermal  Injury:  Assessment 

by  Early  and  Serial  Endoscopy.  Amer  Soc  for  Gas t ro i n tes t i na 1 Endoscopy. 

San  Francisco,  CA  22  May  7b. 

Long  JM  III:  Current  Treatment  of  Burns.  Seminar  for  Military 

Pharmacists,  San  Antonio,  TX  2b  May  7b 

Wilmore  DW:  Total  Intravenous  Nutrition.  Seminar  for  Military 

Pharmacists,  San  Antonio,  TX  2b  May  7b 

The  following  presentations  were  made  at  a Team  Symposium  on  Burns  at 
the  Midwest  Health  Congress,  Kansas  City,  MO  IQ-12  Jun  7b: 

Agee  PM:  Management  of  Thermal  Injuries 

Curtis  NA : Nursing  Care  of  the  Burn  Patient 

Townsend  JC : Physical  Therapy  for  the  Burn  Patient 

Shaw  AL  : Occupational  Therapy  in  the  Burn  Unit 

Pruitt  BA  Jr:  l)Discussant  of  paper  by  J.  Kohn  of  London,  entitled, 
'The  Bole  and  Value  of  Antiseptics  in  a Burn  Unit."  2)  Discussant  of  paper 
by  R.  2ellner  of  V/udw i gshafen  , W.  Germany,  entitled  'Problems  of  Vaccina- 
tion Against  Pseudomonas  Infection  and  3)  From  the  Clinic  to  the  Labor- 
atory and  Back--The  Effectiveness  of  Interdisciplinary  Burn  Research  at  the 
US  Army  Institute  of  Surgical  Research  Inauguration  Symp  on  Burns,  Univ 
Med  C t r , Ljubljana,  Yugos I av  i a . 7_8  Jun  7 b . 

Curtis  NA : Nursing  Care  of  the  Burn  Patient.  Flight  nurses  and 

technicians,  Sch  of  Aerospace  Med,  Brooks  A^B,  TX  25  Jun  7 b 

Czaja  AJ : Acute  Gastroduodenal  Disease  Following  Thermal  Injury. 

Univ  of  Tex  Health  Science  Center,  San  Antonio,  TX  12  Jul  7b. 

Long  JM  I I I : IV  Hyperalimentation.  Nurses  and  Pharmacists,  St. 

Mary's  Hospital;  2)  Practical  Aspects  of  IV  Hyperalimentation.  Medical 
staff  mtg,  St.  Mary'<-  Hospital;  3)  Consultant  visit,  Burn  Unit  Washoe 
County  Medical  Center,  Reno,  NV  15  Jul  7b. 

Long  JM  III:  Intravenous  Hyperalimentation.  Florida  Society  of 

Hospital  Pharmacists  and  Nurses  oi  the  Miami  area,  Hollywood,  FL  IP  Jul  7^ 

Management  of  Thermal  Injuries. 
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Peterson  HD: 


Officers  Basic  Course, 


Erickson  DR.  Acute  Problems  in  Respiratory  Care.  Christmas  Seal 
League,  Pittsburgh,  PA  20  Sep  7^ ■ 


Peterson  HD:  Current  Concepts  in  the  Care  of  the  Acute  Burn.  CENTO 

Group  mtg,  Fort  Sam  Houston,  TX  23  Sep  7k 

Long  JM  III:  Nutritional  Support  of  Thermally  Injured  Patients. 

Un  i v of  Zurich,  Kantonspi tal , Zurich,  Switzerland  26-28  Sep  7k 

Pruitt  BA  Jr:  United  Nations  Conference  of  Government  Experts  on 

the  Use  of  Certain  Conventional  Weapons,  Lucerne,  Switzerland.  29  Sep  - 
1 Oct  7k. 

Long  JM  III:  Practical  Aspects  of  Intravenous  Hyperalimentation. 

New  Mexico  Society  of  Hospital  Pharmacists,  Albuquerque,  N.  M.  2 Oct  7k 

Wilmore  DW:  Criteria  for  Evaluation  of  Protein  Metabolism.  FDA, 

Washington,  D.C.  8 Oct  7k 

Long  JM  III:  Practical  Aspects  of  Intravenous  Hyperalimentation. 

Georgia  State  Society  of  Hospital  Pharmacists,  Atlanta  GA  9 Oct  7k 

Hall  WF:  Recent  Changes  in  Physical  Therapy  Treatment  of  Burn 

Patients.  Chief  Physical  Therapists  of  the  Health  Services  Command, 

Joint  Services  Seminar,  San  Antonio,  TX  10  Oct  7k 

Long  JM  III:  Practical  Aspects  of  Intravenous  Hyperalimentation. 

N.  Florida  Society  of  Hospital  Pharmacists,  Orlando,  FL  11  Oct  7^ 

Long  JM  III:  New  Developments  in  Intravenous  Hyperalimentation. 

Central  Texas  Society  of  Hospital  Pharmacists,  San  Antonio,  TX  15  Oct  7k 

Wilmore  DW:  Parenteral  Nutrition.  Johnson  City  Medical  Society, 

Johnson  City,  TN  15  Oct  7k 

Michael  MG  and  Berry  DM:  Orientation  to  the  Nursing  Care  and 

Research  Mission  at  the  Institute  of  Surgical  Research.  Defense  Advisory 
Committee  of  Women  in  Service.  16  Oct  7^ 

Michael  MG,  3erry  DM  and  Podgornoff  WC : Institute  of  Surgical 

Research  Nursing  Seminar.  Academy  of  Health  Sciences,  Fort  Sam  Houston, 

TX  16  Oct  7** 

Wilmore  DW:  Hypothalamic  Function  Following  Thermal  Injury.  Ameri- 

can Assn  for  the  Surgery  of  Trauma.  Hot  Springs,  V A.  17  Oct  7k 

The  following  presentations  were  made  and  meetings  attended  by  Pruitt 
BA  Jr  in  connection  with  the  ACS  Mtg  Miami  Beach,  FL  20-25  Oct  7k'. 
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I)  Meeting,  ACS  8oard  of  Governors;  2)  Recorder  for  ACS  Discussion  Group; 

3)  Meeting,  ACS  Pre-  and  Pos tope  rat i ve  Care  Committee;  k)  Meeting,  ACS 
Committee  on  Trauma;  5)  Meeting,  National  Burn  Information  Exchange;  6)  N. 
American  Chapter  Internatl  Society  of  Surgery  Meeting;  7)  Symposium  on 
Stress  Ulcers 

Levine  NS:  Laser  Excision  of  Third  Degree  Burns.  American  Assn 

for  the  Surgery  of  Trauma.  Hot  Springs,  VA  18  Oct  7k 

McAlhany  JC  Jr:  Status  of  the  Gastric  Mucosal  Barrier  in  Thermally 

Injured  Patients:  Correlation  with  Gastroduodenal  Endoscopy.  Surgical 

Forum  American  College  of  Surgeons,  Miami  Beach,  FL  22  Oct  Jh 

Long  JM  III:  Fat  Carbohydrate  Interaction:  Nitrogen  Soaring  Effect 

of  Varying  Caloric  Sources  for  Total  Intravenous  Feeding.  Surgical  Forum 
American  College  of  Surgeons,  Miami  Beach,  FL  22  Oct  7k 

Berry  DM:  Status  of  Mandatory  Continuing  Education  in  the  U.S.  ANC 

Officers,  Academy  of  Health  Sciences,  Fort  Sam  Houston,  TX  22  Oct  Ik 

Peterson  HD:  Bacteriology  of  the  Burn  Wound.  American  Society  of 

Plastic  and  Reconstructive  Surgeons,  Houston,  TX  29  Oct  7^ 

Levine  NS:  A Comparison  of  Laser,  Scalpel,  and  the  E 1 ec t rocau te ry 

in  Burn  Wound  Excisions.  American  Society  of  Plastic  and  Reconstructive 
Surgeons,  Houston,  TX  30  Oct  Ik 

Wilmore  DW : Criteria  for  Evaluation  of  Protein  Metabolism.  AMA 

Nutritional  Advisory  Group,  Chicago,  IL  1 Nov  Ik. 

Michael  MG:  Orientation  to  Burn  Nursing.  Stu  Nurses  and  staff  of 

Un i v of  Tex  Student  Health  Center  at  Austin,  BAMC  Fort  Sam  Houston,  TX 
6 Nov  7k 

Wilmore  DW:  Modification  of  Catecholamines  During  Endotoxemia. 

Assn  of  Academic  Surgeons,  Los  Angeles,  CA  8 Nov  7k 

The  following  presentations  were  made  and  meetings  attended  by 
Pruitt  BA  Jr  at  the  Burn  Toxin  Conference,  London,  England  5~6  Nov  7k: 

I)  Chairman,  Morning  Scientific  Session;  2)  Presentation:  Shock,  Solutions 
and  Sepsis,  the  Causes  of  Death  in  Burn  Patients. 

Burn  Symposium  and  Inauguration  Ceremonies  of  the  Burn  Treatment  Center, 

I MTR  Hospital,  Loverval , Belgium;  and  2)  Presentation  "Opportunistic  Infec- 
tions in  Burn  Pat ients--Diagnos is  and  Treatment";  and  3)  Concluding 
remarks  at  Inauguration  Sumposium.  7~3  Nov  7k 

Wilmore  DW:  Food-Fuel  Interaction.  Univ  of  Tex  Med  Sch  at  San 

Antonio,  San  Antonio,  TX  11  Nov  7k 
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Long  JM  III:  Priorities  for  Care  of  Acute  Thermal  Injury.  Academy 
of  Health  Sciences  Physician's  Assistant  Program  students,  USA  ISP,,  BAMC, 
Fort  Sam  Houston,  TX  26  tlov  lb 


I,.  Erickson  DP,:  The  Emergent  Care  of  the  Burn  Patient.  S.  Dak  Health 

. Dept,  Dept  of  Public  Safety,  Annl  Emergency  Med  Tech  Refresher  Course, 

j Pierre,  SD  30  Nov  lb 

n Pruitt  BA  Jr:  Symposium  on  Burns , Medical  Service  of  Comision  Federal 

de  E 1 ec t r i c i dad  , Mexico  City,  Mexico.  Presentations:  1)  Sepsis  in  Burn 

Patients  and  its  Treatment;  2)  Homologous  and  Heterologous  Grafting  in  Burn 
F,i  Patients.  5-7  Dec  lb. 

: Long  JM  III:  Priorities  for  Care  of  Acute  Thermal  Injury.  Academy 

H of  Health  Sciences  Physician's  Assistant  Program  students,  USA  ISR,  BAMC, 

Fort  Sam  Houston,  TX  3 Dec  lb 

Long  JM  III:  Priorities  for  Care  of  Acute  Thermal  Injury.  Academy 

of  Health  Sciences  Physician's  Assistant  Program  students,  USA  ISR,  BAMC 
i ' Fort  Sam  Houston,  TX  10  Dec  lb 

Long  JM  III:  Priorities  for  Care  of  Acute  Thermal  Injury.  Academy 

f of  Health  Sciences  Physician's  Assistant  Program  students,  USA  ISR,  BAMC, 

Id'  Fort  Sam  Houston,  TX  17  Dec  lb 


PUBLICATIONS 

Pruitt  BA  Jr:  Open  and  closed  treatment  of  burns  with  povidone- 

iodine  by  NG  Georgiade  and  WA  Harris  (Commentary)  Plast  Reconstr  Surg 
53:82-83,  1974 

Pruitt  BA  Jr:  Complications  of  thermal  injury.  Clinics  in 

Plast  Surg  1:667-691,  197**. 

Wilmore  DW , Lindsey  CA,  Moylan  JA,  Fallona  GR,  Pruitt  BA  Jr., 

Unger  PH:  Hype rg  1 uconemi a after  burns.  Lancet  1:73-75,  197**. 

Welch  GW,  McKee  1 DW  Jr.,  Silverstein  P and  Walker  HL : The  role  of 

catheter  composition  in  the  development  of  thrombophlebitis.  SG&O  138: 
**21-424,  Mar  1974 
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Endoscopy  20:173,  1974. 

EXHIBITS 

The  following  exhibits  were?  displayed  durinci  the  year  1974:  j 

l!Serial  Endoscopic  Assessment  of  Acute  Gastroduodenal  Disease 
Following  Thermal  lnjury:i 

i)  American  College  of  Physicians  An  1 Conv,  New  York  NY  1-4  Apr  1974 
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2)  American  Gastroenterological  Assn  Anl  Conv,  San  Francisco  CA  22-24 
May  1374 

3)  American  College  of  Surgeons  Anl  Conv,  Miami  Beach,  FL  21-25  Oct  1974 

"Fiberoptic  Bronchoscopy  in  Evaluation  of  Inhalation  Injury' 

1)  American  College  of  Surgeons  Anl  Conv,  Miami  Beach,  FI  21-25  Oct  1974. 

"Reconstruction  of  the  Thermally  Injured  Upper  Limb" 

1)  American  Academy  of  Orthopedic  Surgeons,  Dallas,  TX  1 7_ 22  Jan  1974. 

2)  American  College  of  Surgeons  60th  Anl  Clinical  Congress,  Miami  Beach, 
FL  21-25  Oct  1974 

MOTION  PICTURES 

The  following  motion  pictures  were  shown  during  the  year  1974: 

"Energy  Metabolism  and  Energy  Support  Following  Thermal  Injury" 
"Physical  Therapy  in  the  Treatment  of  Burns  of  the  Hand" 

"Heterotopic  Calcification  About  the  Elbow" 

"Laboratory  and  Clinical  Evaluation  of  Porcine  Xenograft  as  a 
Temporary  Burn  Wound  Cover" 

"Management  of  Upper  Extremity  Burns" 

Exhibited  at  the  Fourth  International  Congress  on  Burn  Injuries, 

Buenos  Aires,  Argentina  during  the  week  of  16-21  September  1974. 
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The  Surgical  Study  Branch  has  continued  to  render  clinical  care 
to  burn  and  trauma  patients  admitted  to  the  Institute  from  all  three 
branches  of  the  Armed  Forces,  in  addition  to  veterans  and  civilian 
erne  rgenci es . 

In  addition  to  the  clinical  care  of  the  seriously  injured,  the 
members  of  this  branch  have  been  concerned  with  problems  relating  to 
the  metabolic  changes  following  burn  injury  and  alterations  in  func- 
tion of  the  gas t roi n tes t i nal  tract  and  liver.  Both  branch  members 
have  participated  actively  in  various  teaching  programs  both  on  a 
local,  national,  and  international  basis. 

Research  projects  include  the  definition  of  the  post-traumatic 
metabolic  response,  the  neuroendocrine  mediators  for  this  response, 
and  the  relationship  between  energy  metabolism  and  ambient  conditions. 
In  addition,  stress  ulcers  have  been  studied  extensively  by  endoscopy, 
biopsy  of  the  gastric  mucosa,  measurement  of  acid  secretion  and  back 
diffusion  from  the  stomachs  of  seriously  injured  soldiers.  Liver 
function  and  bilirubin  conjugation  studies  have  been  determined  to 
reflect  hepatic  alteration  following  trauma. 
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CLINICAL  OPERATION,  SURGICAL  STUDY  BRANCH  FOR 
TREATMENT  OF  INJURED  SOLDIERS 

The  three  major  activities  of  tiie  Surgical  Study  Branch  are: 

1)  delivery  of  medical  and  surgical  care  to  the  thermally  injured  sol- 
dier admitted  to  this  institute;  2)  clinical  and  laboratory  research 
in  problems  related  to  care  and  rehabi 1 i tat  ion  of  burn  patients,  and 
application  of  this  knowledge  to  other  critically  ill  patients;  3) 
the  education  of  medical  and  paramedical  personnel  in  the  care  of  the 
se  r ious I y i n j u red . 

Members  of  this  branch  round  daily  to  evaluate  the  patient  problems 
in  the  Clinical  Division  of  the  US  Army  Institute  of  Surgical  Research. 
The  branch  chief  serves  as  coordinator  of  all  clinical  research,  and 
all  branch  members  provide  consultative  service  and  care  in  the  areas 
of  pos t - t rauma t i c metabolism  and  nutrition,  energy  balance,  gastro- 
intestinal function,  and  hepatic  dysfunction.  The  expertise  of  the 
branch  members  has  been  utilized  by  members  of  the  Brooke  Army  Hospital 
to  see  patients  in  consultation  on  the  General  Surgical,  General  Medical, 
Gas t roen te rol og i c , Pediatric,  and  Dermatologic  Services  of  this  medical 
center.  Techniques  and  modalities  developed  in  this  unit  are  currently 
applied  to  the  care  delivered  to  seriously  injured  patients  who  remain 
hospitalized  until  all  wounds  are  healed. 

Clinical  and  laboratory  research  in  this  division  may  be  placed  in 
the  following  categories:  1)  temperature  regulation;  2)  post-traumatic 

metabolism;  3)  energy  balance;  A)  nutritional  support  of  critically  ill 
soldiers;  5)  description  of  the  evolution  and  etiology  of  stress  ulcers 
of  the  gastric  mucosa  of  burn  patients;  6)  description  of  hepatic  dys- 
function which  occurs  following  injury,  with  specific  emphasis  of  the 
interrelation  between  hepatic  glucose  production  and  energy  production  of 
the  burn  patient. 

Branch  members  participate  actively  in  teaching  activities  of  this 
unit,  the  Brooke  Army  Medical  Center,  and  are  affiliated  on  the  staff  of 
the  Medical  School  of  the  University  of  Texas  at  San  Antonio.  In  addi- 
tion, branch  members  have  actively  participated  in  local,  national,  and 
international  meetings  to  present  and  discuss  their  research  findings 
and  increase  the  scientific  interchange  in  these  areas  of  study. 

PUBLICATIONS  AND/OR  PRESENTATIONS: 

See  report  of  Clinical  Division,  USAISR 
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In  1976,  i 60  of  226  patients  whose  dispositions  were  completed  at 
the  United  States  Army  Institute  of  Surgical  Research  were  given  633 
!;  anesthetics  at  this  institute.  This  figure  includes  some  17  patients 

who  had  reconstructive  plastic  procedures  alone.  These  17  patients 
underwent  a total  of  53  procedures.  In  the  tables  to  follow,  the 
plastic  procedures  are  exc'uded,  and  123  patients  who  had  380  anes- 
thetics are  used  for  computation  of  the  statistics.  Of  the  anesthetics 
given,  3 7 • 3 7<S  were  ketamine,  23 . kj-i  were  nitrou.  oxide-oxygen  and  sup- 
plementation, 18.95^  were  halothane,  9 •67?'  were  ethrane,  1.86%  were 
regional  anesthetics,  and  2.9/  were  of  other  than  those  agents  listed 
above.  Of  those  patients  receiving  anesthesia  at  the  Institute  of 
Surgical  Research,  the  mean  number  of  anesthetics  per  patient  was  3-78. 
Four  intraoperative  complications  occurred  during  the  year,  and  will  be 
discussed  in  detail  in  the  text.  No  i n t raope rat i ve  deaths  occurred. 
Outing  this  year,  subanesthetic  ketamine  for  debridement  or  dressing 
change  in  the  Hubbard  tank  was  rarely  used,  and  most  debridements  were 
carried  out  as  major  procedures  in  the  operating  room. 
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ANESTHESIOLOGY 


The  following  is  a description  of  current  anesthetic  practices 
and  techniques  at  the  US  Army  Institute  of  Surgical  Research.  Per- 
tinent statistical  data  are  included  in  this  report. 

PREOPERATIVE  PREPARATION 

Patients  for  elective  surgery  are  held  NPO  after  midnight.  This 
usually  involves  a fasting  period  of  some  8 to  lA  hours.  Infants  and 
children  through  age  four  are  permitted  clear  liquids  until  0200  hours. 
Using  this  regimen,  we  have  had  one  instance  of  vomiting  and  aspira- 
tion on  induction  in  patients  for  elective  surgery.  Seriously  ill  or 
dehydrated  patients  are  given  intravenous  fluid  p reope ra t i ve 1 y , in- 
cluding Ringer’s  lactate  and  52  dextrose  in  Ringer's  lactate  or  saline 
solution.  Solutions  of  essentially  the  same  nature  are  used  for 
pediatric  cases. 

HEMODYNAMIC  AND  RESPIRATORY  ASSESSMENT 

All  acutely  ill  patients  have  arterial  blood  gas  determinations 
made  daily  until  their  status  improves,  at  which  time  the  frequency  of 
determinations  is  decreased.  By  knowing  these  values  preope rat i vel y 
in  all  seriously  ill  patients,  we  are  able  to  adjust  our  anesthetic 
techniques  accordingly.  Patients  who  are  hypoxemic  and  require  ven- 
tilatory assistance  are  transported  to  and  from  the  operating  room 
with  the  administration  of  1002  oxygen  utilizing  an  anesthesia  bag, 
suitable  connectors,  and  a 100/  oxygen  source.  Patients  requiring 
oxygen  but  no  ventilatory  assistance  are  transported  with  the  oxygen 
source  being  delivered  to  the  patient  by  mask  or  nasal  oxygen  prongs. 
Once  in  the  operating  room,  patients  requiring  ventilatory  assistance 
may  be  ventilated  manually  or  with  an  Air-Shield  anesthetic  ventilator. 
Circulatory  status  is  assessed  by  hematocrit,  serum  electrolytes  and 
osmolality,  and  urine  output,  in  addition  to  direct  or  indirect 
measurements  of  blood  pressure.  Central  venous  pressures  are  measured 
relatively  frequently  and,  on  occasion,  a Swan-Ganz  catheter  is  placed 
for  measurement  of  pulmonary  artery  and  pulmonary  wedge  pressures. 

PREMEDICATION 

In  general,  a small  amount  of  narcotic  plus  either  hydroxyzine 
or  diazepam  is  given  to  adults  preope rat i vel y . Atropine  may  be  given 
in  combination  with  these  drugs  or  is  given  intravenously  prior  to 
the  induction  of  general  anesthesia.  Pediatric  patients  generally 
receive  a very  similar  regimen,  in  reduced  dosage,  however.  Pre- 
medications are  eliminated  altogether  in  the  extremely  ill  patient  or 
in  the  child  who  is  particularly  afraid  of  injections. 


TYPES  OF  ANESTHESIA 


A.  General  Anesthesia 

1 .  Ketami ne 


Ketamine  is  an  intravenous  dissociative  general  anesthetic 
which  has  been  available  for  clinical  use  for  approximately  six  years. 
Approximately  37?  of  our  anesthetics  in  the  operating  room  are  now 
administered  with  this  agent.  Since  cardiovascular  reflexes  and  tone 
are  well  preserved,  and  a patent  airway  with  good  ventilation  is  usually 
maintained,  even  in  the  lateral  and  prone  positions,  this  anesthetic 
has  permitted  numerous  operations  to  be  carried  out  without  the  use  of 
an  artificial  airway.  These  factors  plus  the  tremendous  versatility 
of  the  agent  for  somatic  procedures  have  significantly  improved  anes- 
thetic management  for  the  thermally  injured  patient. 

2 .  Nitrous  oxide  supplement 

This  technique  is  used  in  approximately  30?  of  our  procedures. 
Its  versatility  and  relative  lack  of  cardiovascular  depression  make  it 
the  second  most  frequently  employed  anesthetic  agent  at  this  time. 

When  relaxants  are  added  to  this  regimen,  the  trachea  is  intubated  and 
respiration  is  controlled.  Although  pancuronium,  d-tubocurarine,  and 
gallamine  are  all  nondepolarizing  relaxants  which  are  available, 
pancuronium  has  been  the  only  one  of  the  three  to  be  used  with  any  fre- 
quency this  year.  Succ i ny 1 cho 1 i ne  is  rarely  used,  except  for  acute 
emergencies  due  to  its  tendency  to  cause  severe  rises  in  potassium 
from  about  postburn  day  15  through  postburn  day  90. 

3 . Halothane  with  or  without  nitrous  oxide  in  oxygen 

Approximately  19?  of  the  anesthetics  in  our  institution  are 
performed  with  this  combination  of  agents.  It  is  relatively  easy  to 
administer,  is  nonflammable,  and,  with  proper  dosage  adjustment,  shows 
minimal  cardiovascular  depression.  We  have  to  date  observed  no  cases 
of  halothane  hepatotoxic i ty.  Due  to  the  extreme  difficulty  of  moni- 
toring blood  pressure  in  many  of  our  patients,  the  use  of  ketamine  and 
nitrous  oxide  with  supplementation  has  resulted  in  a decrease  in  the 
general  use  of  this  agent. 

4.  Enflurane  (EthraneR)  with  nitrous  oxide  in  oxygen 

Ethrane  is  a newly  available,  nonflammable,  inhalational 
anesthetic  which  has  the  chemical  structure  of  a halogenated  ethyl- 
methyl  ether.  The  action  of  this  agent  is  very  similar  to  halothane 
in  uptake,  onset  of  action,  and  emergence  time.  In  extensive  clinical 
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trials  prior  to  release,  and  six  months  of  clinical  usage,  the  drug 
has  demonstrated  no  propensity  for  hepatic  toxicity.  The  tendency  to 
produce  twitching  or  involuntary  motor  activity,  associated  with 
seizure  activity  on  electroencephalography  at  very  deep  levels  of 
anesthesia,  has  not  been  seen  at  this  institution.  During  the  year 
1974,  approximately  10%  of  the  patients  at  the  Institute  of  Surgical 
Research  received  enflurane  with  or  without  nitrous  oxide  for  their 
anesthes i a . 

5.  Low-dose  ketamine  - "subanesthetic  ketamine" 

Although  this  agent  was  used  extensively  during  the  year 
1973,  it  is  difficult  to  maintain  that  patients  who  were  amnesic  and 
analgesic  were  not  anesthetized.  It  has  also  been  demonstrated  that, 
although  rare  in  occurrence,  these  patients  can  lose  their  patent 
airway  unexpectedly  and  the  presence  of  an  anesthesiologist  is  always 
necessary.  Currently,  this  technique  is  being  used  for  very  occasional 
debridements,  suture  removal,  and  dressing  changes  in  small  children. 

8.  REGIONAL  ANESTHESIA 

Our  criteria  for  regional  anesthesia  are  that  a candidate  for 
a nerve  block  must  not  be  septic,  must  have  a normal  mental  status, 
and  must  not  have  burns  or  local  infection  at  or  immediately  adjacent 
to  the  site  of  the  proposed  nerve  block.  By  following  these  guide- 
lines for  selection  of  patients,  we  have  had  no  complications  with 
regional  anesthesia  and  no  instance  of  infection  or  sepsis  after  nerve 
blocking  was  noted. 

MONITORING  TECHNIQUES 

Below  is  an  outline  of  our  current  monitoring  techniques  for 
patients  under  anesthesia: 

A.  CIRCULATION 

1.  Precordial  and/or  esophageal  stethoscope. 

2.  Pulse  monitoring  by  one  finger  over  a pulse. 

3.  Blood  pressure  cuff  of  the  usual  type  or  of  the  Infrasonde 
trademark  type,  or  direct  i n t ra-a rte r i al  monitoring. 

A.  Central  venous  pressure  assessment. 

5.  EKG. 
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6.  Sponge  weighing. 

7.  Measurement  of  urine  output  during  surgery. 

B.  RESPIRATION 

1.  Counting  of  respiratory  rate. 

2.  Observance  of  chest  and  rebreathing  bag. 

3.  Auscultation  of  chest. 

A.  Periodic  assessment  of  blood  gases  i n t raope rat i ve 1 y when 
indi cated. 

C.  TEMPERATURE 

1.  Rectal  or  esophageal  thermistor  probe. 

It  should  be  noted  that  the  k-thermia  heating-cooling  blanket 
has  proved  to  be  of  significant  value  in  maintaining  body  temperature 
when  large  areas  of  the  body  are  exposed.  In  addition,  it  can  help  to 
lower  body  temperature  rapidly  and  safely  when  a febrile  episode  occurs 
i nt raope rat i vel y.  Ambient  temperature  in  the  operating  room  is  main- 
tained at  75°  F-,  and  this  has  been  shown  to  be  of  benefit  in  mini- 
mizing heat  loss. 

COMPLICATIONS 

Case  No.  1 

Significant  bradycardia  and  hypotension,  probably  secondary  to  hypoxia 

This  21  year  old  white  male  was  injured  in  an  oil  rig  explosion, 
in  which  he  sustained  a 32%  total  body  surface  burn.  The  face,  upper 
extremities,  anterior  chest,  and  back  were  involved,  and  carbonaceous 
sputum  was  found  on  bronchoscopy.  Approximately  one  week  prior  to  the 
anesthetic,  the  patient  spiked  temperatures  to  103,  and  blood  cultures 
at  that  time  were  positive  for  Klebsiella.  The  patient  was  started 
on  intravenous  gentamycin,  and  a subsequent  blood  culture  (two  days 
later)  revealed  no  growth.  The  patient  remained  alert  and  cooperative; 
however,  in  the  subsequent  three  days,  the  patient  became  progressively 
tachypneic  with  blood  gases  being  reported  as  normal.  Two  days  prior 
to  operation,  the  patient  had  an  increase  in  respiratory  rate  to  60  per 
minute,  and  the  chest  x-ray  revealed  diffuse  interstitial  edema.  Blood 
gases  at  this  time  confirmed  the  decreased  ventilation,  with  a rise  in 
PCO2  from  approximately  30  mmHg  to  kb  mmHg.  The  patient  was  felt  to 


be  in  acute  respiratory  distress,  and  was  intubated  with  a nasotracheal 
tube.  Sedation  and  paralysis  were  necessary  intermittently  to  maintain 
respirator  control.  8lood  gases  at  this  time  on  the  ventilator  were: 
pC>2  129,  PCO2  44.5,  pH  7.30,  on  an  inspired  oxygen  concentration  of 
50%.  The  patient  experienced  a drop  in  hematocrit,  and  the  next  day 
bright  red  blood  was  noted  in  the  nasogastric  tube.  Four  units  of  blood 
had  been  given  in  the  previous  24  hours,  and  lavage  had  failed  to  con- 
trol the  upper  Gl  hemorrhage.  The  patient  was  taken  to  the  operating 
room,  where  anesthesia  was  induced  with  Valium,  5 mg,  and  ventilation 
was  controlled  with  increments  of  pancuronium.  Another  5 mg  increment 
of  Valium  and  50%  nitrous  oxide  were  administered  for  the  performance 
of  a tracheostomy.  The  nitrous  oxide  was  discontinued  for  the  inser- 
tion of  the  tracheostomy  tube,  and,  after  the  tracheostomy  was  complete, 
the  50%  nitrous  oxide  was  reinstituted  and  another  5 mg  increment  of 
Valium  was  given.  Whole  blood  and  fresh-frozen  plasma  were  given  as 
the  abdominal  operation  commenced.  The  pulse  strength  was  felt  to 
diminish  some  15  minutes  into  the  abdominal  portion  of  the  operation, 
and  this  was  noted  to  be  concomitant  with  a decrease  in  the  urine  out- 
put. The  patient  was  felt  to  be  volume  depleted.  A second  unit  of 
whole  blood  was  admi n i s tered , along  with  a second  unit  of  fresh-frozen 
plasma,  and  200  mg  of  Lasix  was  given  IV  because  of  the  decreased  urine 
output.  Twenty-five  milligrams  of  ephedrine  were  given  IV  as  a tem- 
porizing measure  while  the  second  unit  of  whole  blood  and  fresh-frozen 
plasma  were  being  administered,  with  a noted  increase  in  the  pulse 
strength.  The  pulse  strength  was  noted  to  decrease  as  the  effects  of 
the  ephedrine  began  to  wear  off,  and  isuprel  was  begun.  The  patient 
was  placed  on  100%  oxygen,  and  the  CO2  cannister,  which  had  been  de- 
pleted, was  replaced.  The  patient  became  bradycardiac  during  the 
change  of  the  CO2  cannister,  but  responded  to  .8  mg  of  atropine  IV. 

One  ampule  of  sodium  bicarbonate  was  given  at  this  time.  Throughout 
the  rest  of  the  procedure,  the  patient  was  maintained  on  100%  oxygen, 
and  250  mg  increments  of  ketamine  were  given  to  insure  that  the  patient 
was  amnesic.  A third  unit  of  whole  blood  and  two  more  units  of  sodium 
bicarbonate  were  given  during  the  remainder  of  the  procedure.  As  the 
skin  was  being  closed,  the  patient  was  noted  to  again  be  bradycardiac; 
1.6  mg  of  atropine  was  given  IV  and  closed  chest  massage  was  begun; 

.5  mg  of  epinephrine  was  given  intravenously  with  return  of  pulse  rate 
and  pressure.  Pos tope  rat i ve 1 y , the  patient  was  placed  back  on  the 
ventilator,  with  adequate  blood  gases  on  50%  oxygen.  The  next  day, 
the  patient  was  alert  and  reactive  with  respi rator  support.  One  day 
later,  the  patient  was  noted  to  be  having  respiratory  difficulty,  and 
the  problem  appeared  to  be  a tracheostomy  tube  obstruction.  His  blood 
gases  were  consistent  with  a respiratory  acidosis  and  hypoventilation. 
The  patient  developed  a significant  bradycardia  while  his  tracheostomy 
tube  was  being  changed,  and  subsequently  developed  a cardiac  arrest 
with  unsuccessful  resuscitation.  Postmortem  examination  showed  a large 
right  pulmonary  artery  embolus,  which  was  possibly  the  terminal  event. 
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The  postmortem  examination  also  showed  a pneumonia,  bacterial  in 
nature,  which  was  hemorrhagic,  necrotizing,  cavitating,  bilateral, 
and  severe.  The  organisms  responsible  for  this  pneumonitis  were 
Providencia  stuarti,  E . col i , and  Staphylococcus.  There  was  also  in- 
terstitial pneumonitis  and  edema  with  hyaline  membranes. 

Comment 

This  patient's  decrease  in  pulse  pressure  was  at  first  felt  to  be 
volume  related,  but,  when  the  pulse  pressure  did  not  increase  with 
what  seemed  to  be  an  adequate  volume  replacement,  attempt  was  made  to 
augment  perfusion  with  an  isuprel  drip.  When  this  appeared  to  be  of 
minimal  value  in  augmenting  the  patient's  pressure,  the  possibility 
was  entertained  that  the  exhausted  CO2  cannister  might  be  contributing 
to  the  patient's  hypotensive  state.  CO2  is  a potent  vasodilator  in 
the  absence  of  an  adequate  catecholamine  response.  It  is  possible, 
however,  that  secondary  to  this  patient's  severely  diminished  pul- 
monary capacity  that  he  became  hypoxic  even  on  1 00%  oxygen  during  the 
short  period  of  time  necessary  to  change  the  CO2  cannister.  The 
second  episode  of  bradycardia,  however,  appeared  while  the  patient 
was  on  100%  oxygen  and  being  continuously  ventilated.  This  tendency 
of  poor  response  to  volume  loading  and  vasopressors  has  been  demon- 
strated on  numerous  occasions  in  burn  patients  who  have  been  septic  or 
are  septic  and  require  anesthesia.  A somewhat  better  response  has 
been  obtained  in  some  of  these  patients  when  Dopamine  has  been  the 
vasopressor  employed.  Dopamine  was  not  yet  available  at  the  time  of 
this  patient's  anesthetic. 

Case  No.  2 

Aspiration  of  gastric  contents  on  induction,  of  anesthesia 

This  50  year  old  white  male,  heavy  equipment  operator,  sustained 
a 27.5%  total  body  surface  electrical  burn  when  his  equipment  came  in 
contact  with  a high-voltage  wire.  This  patient  had  undergone  two 
previous  general  anesthetics  without  difficulty.  On  induction  of  anes- 
thesia with  500  mg  of  thiopental  at  the  beginning  of  his  third  anes- 
thetic, the  patient  vomited  and  aspirated  a moderate  amount  of  gastric 
contents.  Blood  gases  on  100%  oxygen  showed  a shunt  consistent  with 
aspiration  and  continued  to  deteriorate  over  the  next  30  minutes.  The 
patient  was  given  solumedrol,  125  mg  IV.  Three  subsequent  doses  of 
solumedrol,  125  mg  each,  were  given  at  six-hour  intervals  postop era- 
tively.  The  patient  was  placed  on  an  MA-1  ventilator  postope rat i vel y 
with  10  cm  of  water,  positive  end-expiratory  pressure  being  applied. 
Steady  decreases  in  the  inspired  oxygen  concentration  were  possible, 
and,  over  the  next  two  days,  the  patient  had  progressed  to  the  point 
that  he  was  extubated  and  placed  on  mask  oxygen.  His  ability  to  oxy- 
genate continued  to  improve,  and,  one  week  later,  his  PO2  on  room  air 
was  70  mmHg. 
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Commen  t 

This  patient's  history  was  significant  in  that  he  had  complained 
of  occasional  epigastric  distress,  especially  after  a large  meal.  Sub- 
sequent endoscopy  and  upper  Gl  series  failed  to  reveal  any  abnormali- 
ties. The  patient  had  two  other  general  anesthetics  without  diffi- 
culty prior  to  his  discharge. 

Case  No.  3 

Ri gh t mainstem  bronchial  intubation  with  equa1  breath  sounds  noted 
bi lateral ly 

This  31  yea.’  old  white  male  was  admitted  for  elective  reconstruc- 
tion of  his  left  hand,  which  had  been  burned  in  a gasoline  fire.  He 
had  undergone  a 39%  total  body  surface  burn  with  healing  resulting  in 
hypertrophic  scar  requiring  release.  Anesthesia  in  this  patient  was 
induced  with  thiopental,  and  succi ny 1 cho 1 i ne  was  given  to  facilitate 
intubation.  The  patient  was  intubated  without  difficulty.  Cords  ap- 
peared normal,  and  breath  sounds  were  equal  to  auscultation  bilaterally. 
Immediately  postintubat ion,  the  patient  was  noted  to  have  a decreased 
compliance.  The  endotracheal  tube  was  noted  to  be  free  from  obstruc- 
tion. Spontaneous  respiration  returned,  and  the  patient  was  begun  on 
halothane  with  the  nitrous  oxide-narcotic  technique  being  abandoned. 

This  brought  about  some  increase  in  the  patient's  compliance;  however, 
arterial  blood  gases  on  100%  oxygen  showed  a PO2  of  18A,  a pC02  of  75, 
with  a pH  of  7-23-  A decision  was  made  at  this  time  to  cancel  the 
case  since  there  was  the  possibility  of  aspiration,  although  this  was 
considered  unlikely.  Breath  sounds  were  rechecked  and  found  to  be 
equal  bilaterally,  and  the  chest  appeared  to  move  equally  bilaterally 
with  ventilation.  At  this  point,  a fiberoptic  bronchoscope  was  intro- 
duced down  the  endotracheal  tube  to  rule  ->ut  some  mechanical  obstruc- 
tion, and  it  was  found  at  this  time  that  the  endotracheal  tube  was 
slightly  down  the  right  mainstem  bronchus.  The  tube  was  pulled  back 
with  immediate  increase  in  the  P02  on  100%  oxygen  to  220  mmHg.  A sub- 
sequent chest  x-ray  was  within  normal  limits,  and  the  patient  was 
placed  on  a ventilator  with  10  cm  of  PEEP  because  of  the  length  of 
time  required  to  make  the  diagnosis  of  right  mainstem  intubation.  The 
patient  was  ventilated  overnight,  with  restoration  of  normal  pulmonary 
function.  Extubation  was  accomplished  at  this  time. 


Comment 


It  has  recently  been  pointed  out  that  equal  breath  sounds  may  be 
a misleading  factor  in  determining  right  mainstem  bronchial  intubation. 
It  is  recommended  that,  wherever  possible,  the  endotracheal  tube  cuff 
be  located  by  palpation  with  the  simultaneous  injection  of  a sufficient 
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amount  of  air  to  allow  this  palpation.  In  this  patient,  this  pro- 
jr  cedure  may  have  allowed  a more  rapid  diagnosis  of  the  right  mainstem 

a*  intubation. 

••J  Case  No.  4 

■■j  Hypotension  under  anesthesia  secondary  to  septic  shock 

| 

!■  This  14  year  old  white  male  sustained  a 75%  total  body  surface 

burn  when  his  clothing  was  ignited  while  flying  a model  airplane  which 
• made  contact  with  a power  line.  There  was  no  electrical  injury.  The 

:i  patient  did  well  during  resusc i tat i on , and  continued  to  do  well  de- 

spite positive  blood  cultures  requiring  intravenous  antibiotics. 

After  two  weeks  of  doing  relatively  well,  the  patient  became  lethargic, 
1;;  confused,  and  sustained  a blood  pressure  drop  to  a systolic  of  60  mmHg. 

The  diagnosis  of  septic  shock  was  made,  and  the  patient  was  taken  to 
the  operating  room  to  explore  his  old  (V  sites  for  the  source  of  in- 
: fection.  The  left  antecubital  fossa  showed  a rather  large  area  of 

i tissue  necrosis  beneath  viable  skin,  as  well  as  destruction  of  the 

:J-  vein.  This  had  a greenish  culture,  and  cultures  subsequently  grew 

■ Pseudomonas.  This  area  was  extensively  debrided  and  left  open. 

During  the  anesthetic,  which  consisted  of  small  amounts  of  ketamine 
and  50%  nitrous  oxide,  the  patient  progressively  became  hypotensive. 

An  attempt  was  made  to  start  a central  venous  line  prior  to  adminis- 
tration of  vasopressors.  The  patient  became  progressively  more  hypo- 
tensive and  bradycardiac,  which  necessitated  the  administration  of 

' atropine,  epinephrine,  and  Dopamine  through  a peripheral  IV.  There 

was  good  return  of  pulse  and  blood  pressure,  and  an  adequate  urine 
output  toward  the  end  of  the  case.  The  patient  was  returned  to  the 
‘ ward  and  placed  on  an  HA-1  respirator.  His  inspired  oxygen  concentra- 

; t i on  was  quickly  reduced  to  40%  with  good  blood  gases.  Because  of 

■ : the  persistent  gram  negative  blood  cultures,  and  because  of  the  un- 

, certainty  of  the  site  of  his  sepsis,  the  patient's  topical  therapy  was 

changed  from  Silvadene  to  Sulfamylon.  He  was  continued  on  Dopamine 
and  progressively  deteriorated  over  the  next  48  hours.  He  became 
I more  and  more  hypotensive  and  required  more  and  more  Dopamine  to  main- 

tain his  blood  pressure  above  80  systolic.  The  patient  required 
larger  and  larger  doses  of  Dopamine  and  was  resuscitated  from  two 
cardiac  arrests,  but  subsequently  became  more  and  more  hypotensive  and 
expi red. 

Comment 

This  case  illustrates  the  relative  effectiveness  of  Dopamine  to 
control  hypotension  during  septic  shock,  but  its  relative  ineffective- 
ness when  it  must  be  continued  and  the  source  of  sepsis  cannot  be 
e I imi nated . 
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Sixteen  patients  were  hemodialyzed  by  the  ISR  Renal  Section  for 
a total  of  58  patient  treatments.  One  peritoneal  dialysis  was  super- 
vised. Of  the  17  patients,  only  one  survived.  The  rapid  bedside 
clotting  test  adapted  by  the  section  earlier  continues  to  be  most 
useful  in  patient  management  during  hemodialysis.  Femoral  vein  cath- 
eterization with  Unipuncture  hemodialysis  has  markedly  improved  acute 
hemodialysis  access.  A video  tape  has  been  made  of  this  technique 
and  presented  at  professional  meetings  where  much  interest  has  been 
generated.  Other  areas  of  clinical  investigation  are  also  underway, 
with  particular  emphasis  on  pathophysiology  of  acute  renal  failure. 


Renal  fa i I u re 
Hemod i a 1 ys  i s 
So  I d i e rs 

Pe  r i tonea 1 dialysis 
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The  Renal  Section  is  composed  of  the  chief  of  the  section,  a 
nephrologist,  Medical  Corps,  and  two  enlisted  technicians,  including 
an  NCOIC,  and  is  physically  located  on  Ward  1 3B . The  unit  encompasses 
a one-bed  acute  dialysis  unit  and  two  hemodialysis  machines,  both 
portable  systems  for  use  in  instances  where  the  patient  cannot  be 
moved  to  the  Hemodialysis  Unit.  The  primary  mission  of  the  Renal  Sec- 
tion is  to  support  the  operation  of  the  Clinical  Division  of  the  Burn 
Unit,  providing  both  consultation  for  patients  with  renal  and  meta- 
bolic problems  and  hemodialysis  in  cases  of  renal  failure.  A secon- 
dary  mission  of  the  unit  has  been  to  support  the  Nephrology  Service 
of  Brooke  Army  Medical  Center.  The  USAISR  Hemodialysis  Unit  now  pro- 
vides backup  support  when  necessary  and  assists  in  treatment  of  cases 
of  acute  renal  failure  occurring  at  Brooke  Army  Medical  Center.  The 
USAISR  Nephrology  Staff  continues  to  participate  in  the  hospital 
Nephrology  Training  Program.  The  chief  of  the  Metabolic  Branch  di- 
rects the  BAMC  Nephrology  Service  and  the  chief  of  the  Renal  Section 
directly  supervises  Brooke  Army  Medical  Center  nephrology  inpatient 
care  and  provides  consultative  services  on  a rotational  basis,  and 
sees  patients  in  the  Nephrology  Clinic  weekly. 

Several  patients  were  dialyzed  using  the  Seldinger  technique  for 
femoral  vein  catheterization,  in  conjunction  with  the  unipuncture 
machine,  which  allows  dialysis  with  one  venipuncture.  Dialyzers  used 
routinely  include  the  Travenol  1A5,  the  Travenol  202,  the  Extracor- 
poreal EX-23  and  EX-P,  and  the  Travenol  UF  6A  and  the  Cordis-Dow 
k i dney . 

In  addition  to  the  dialysis  support  provided  to  the  hospital  and 
the  unit,  several  pilot  studies  have  been  initiated.  A new  technique 
introduced  into  the  Hemodialysis  Unit  for  controlling  blood  anticoag- 
ulation during  dialysis  has  proven  most  beneficial.  The  results  of 
f this  innovation  were  reported  at  the  Southeastern  Dialysis  and  Trans- 

: plant  meeting  and  have  been  published.  In  addition,  a videotape  has 

been  produced  showing  our  technique  of  unipuncture  dialysis  via 
femoral  catheter  and  has  been  submitted  as  a display  as  well  as  pre- 
sented at  scientific  meetings.  Many  visiting  physicians  have  ex- 
pressed interest  in  the  femoral  unipuncture  technique  of  acute  hemo- 
dialysis and  requested  literature.  Other  projects  underway  include 
measurement  of  the  residual  blood  volume  in  coils,  evaluation  of 
urinary  sediment  in  thermally  injured  patients,  calcium  metabolism  in 
the  thermally  injured  patient,  and  postburn  renal  histology.  Plans 
for  the  future  include  investigation  of  intrarenal  blood  flow  in  the 
thermally  injured  patient  to  better  define  the  pathophysiology  of 
azotemia  and  renal  failure. 
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Endotoxin  is  demonstrated  in  plasma,  serum  or  tissues  by  extracting  with 
acetic  acid  or  with  chloroform.  Livers  of  60  patients  dying  with  severe  burns 
were  examined  by  extracting  and  measuring  for  the  presence  of  endotoxin. 
Ninety  per  cent  of  the  liver  samples  were  positive  for  endotoxin,  in  amounts 
ranging  from  0. 643ug/gm  to  0.001  ug/gm,  with  a median  value  of  0.06  ug/gm. 
Mean  values  of  10J  bacteria  per  gram  of  tissue  were  found,  but  analysis  of 
assay  results  in  non-septicemic  patients,  and  of  endotoxin-negative  livers 
validate  the  finding  in  liver  samples,  and  indicate  a potential  causal  relation- 
ship between  sepsis  and  endotoxin  build-up  in  liver. 
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DETECTION  OF  ENDOTOXIN  IN  BURNED  SOLDIERS 
WITH  SEPSIS 


The  detection  of  nanogram  and  even  picogram  amounts  of  endotoxin  by  use 
of  the  Li  mu  I us  amoebocyte  lysate  gelation  reaction  has  occasioned  much  re- 
newed interest  in  the  role  of  endotoxin  in  causing  septic  shock.  Repeated 
attempts  to  detect  endotoxin  in  the  serum  or  plasma  of  septic  patients  have 
been  made  (1,2)  . For  reasons  not  understood,  it  has  not  been  possible  con- 
sistently to  detect  endotoxin  in  such  samples.  In  this  laboratory,  approxi- 
mately one-third  to  one-half  of  patients  whose  clinical  condition, including 
gram  negative  septicemia,  would  be  expected  to  lead  to  a positive  test  for 
endotoxemia,  have  indeed  shown  a positive  Limulus  coagulation  reaction.  The 
rate  of  positive  reactions  has  not  been  such  that  the  reaction  has  received 
wide  acceptance  as  an  aid  in  diagnosis  of  endotoxins,  nor  has  it  appeared  to 
be  of  prognostic  significance.  The  experience  of  this  laboratory  parallels 
that  of  other  investigators.  There  are,  however,  many  other  facets  of  the 
endotoxin  problem  that  can  be  assessed  with  this  sensitive  reaction.  One  of 
these  is  the  detection  and  assay  of  endotoxin  in  liver  tissue  at  autopsy.  Endo- 
toxin has  been  shown,  in  experimental  models,  to  be  removed  rapidly  by  the 
liver,  most  probably  on  a basis  similar  to  that  in  which  foreign  bodies  such 
as  serum  molecular  aggregates  can  be  detected  in  liver  macrophages  .after 
introduction  into  the  blood.  Study  of  liver  tissue  at  autopsy  was  initiated  in 
1973,  and  a preliminary  report  was  submitted  (2)  . Endotoxin  could,  indeed, 
be  detected  in  blocks  of  liver  tissue  collected  at  autopsy.  One-gram  amounts 
were  collected,  homogenized  in  Ten  Broeck  grinders,  the  homogenate  taken 
up  in  pyrogen-free  water,  and  assayed  in  a manner  paralleling  the  trichlor- 
acetic acid  method  for  plasma  endotoxin.  Sixty  patients  had  liver  samples 
collected  at  autopsy.  Since  the  possibility  that  endotoxin  recovered  might  re- 
flect bacterial  contamination  rather  than  sequestered  endotoxin,  quantitative 
counts  were  made  on  each  sample  as  soon  as  it  was  received. 


Although  1000  coliform  bacteria  per  ml  from  a broth  culture  will  gLve  a 
positive  Limulus  gelation  reaction,  it  does  not  follow  that  a count  of  1(r 
bacteria  per  gram  of  tissue  will  of  necessity  give  a positive  reaction.  Even 
in  grossly  contaminated  specimens  the  amount  of  endotoxin  present  may  far 
exceed  that  accounted  for  by  the  bacteria  present.  Negative  Limulus  gelation 
reactions  can  occur  with  tissues  containing  ICr  or  1(T  organisms  per  gram. 

In  cultures,  the  amount  of  endotoxin  demonstrable  from  Enterobacteriaceae 
is  on  the  order  of  0.001  ug  or  less  when  1000  organisms  per  ml  are  present. 
The  larger  amounts  of  endotoxin  demonstrable  in  liver  samples  are  interpreted 
as  pre-formed  endotoxin  taken  up  by  liver  cells. 


1.  Lindberg  RB,  English  VC,  Pruitt  BA, Jr,  Mason  AD, Jr:  Detection  of 
endotoxin  in  burned  soldiers  with  sepsis.  USA  Institute  Surg  Res  Ann  Res 
Prog  Rpt  FY  1973,  BAMC,  Ft  Sam  Houston,  Texas,  Section  6. 

2.  Lindberg  RB, English  VC , Mason  AD, Jr, Pruitt  BA, Jr:  Detection  of 
endotoxin  in  burned  soldiers  with  sepsis.  USA  Institute  Surg  Res  Ann  Res 
Prog  Rpt  FY  1974,  BAMC,  Ft  Sam  Houston,  Texas,  Section  5. 
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Endotoxin  levels  in  the  livers  of  60  patients,  91%  of  whom  had  positive 
blood  cultures  during  life,  are  shown  in  Table  1.  Among  reacting  samples, 43 
out  of  54  exhibited  endotoxin  at  0 .01  ug/gm  or  higher,  and  over  half  of  the 
reactors  had  from  0.02  to  0.08  ug/gm  present.  These  are  significant  amounts 
above  the  level  that  bacterial  content  of  livet  samples  would  account  for.  The 
mean  counts  of  bacteria  in  liver  samples  at  the  various  levels  of  endotoxin 
content  are  shown  in  the  third  column.  The  bacterial  counts,  in  these  groups 
large  enough  to  have  a meaningful  mean  value,  were  essentially  constant 
over  the  whole  range  of  endotoxin  values  . The  constancy  of  the  bacterial 
counts  reinforces  the  conclusion  that  the  endotoxin  values  found  in  liver  of 
these  fatal  burns  are  not  a function  of  the  bacterial  content  of  the  tissue,  but 
are  independent  of  them.  This  distinction  is  critical  if  the  presence  of  endo- 
toxin in  the  liver  is  to  be  assessed  in  relation  to  the  problem  of  sepsis  in  the 
burned  patient.  The  possibility  that  it  represents  a sequestering  mechanism 
which  is  incomplete,  in  that  it  fails  to  detoxify  the  endotoxin  after  it  is  fixed 
in  macrophages  or  histiocytes,  is  an  attractive  one. 


Table  1.  Endotoxin  Levels  in  Liver  Tissues 
from  Autopsies , ISR,  1974 


Endotoxin 

ug/gm 

No.  Patients 

Average  Bacterial 
Count/gm 

>0.64* 

4 

- 

0.64 

1 

- 

0.32 

1 

io4 
„ 4.  5 

0.16 

3 

10 

0.08 

11 

103'3 

0.04 

10 

103 ' 3 

0.02 

8 

1030 

0.01 

5 

103-5 

0.005 

2 

1030 

0.002 

5 

102-5 

0.001 

4 

1030 

Negative  «0.0001) 

6 

Total  tested 

60 

Median  level:  0.06  ug/gm 
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All  patients  with  endotoxin  in  the  liver  did  not  exhibit  bacteremia.  In 
Table  2,  6 patients  are  shown,  in  none  of  whom  a positive  antemortem  blood 
culture  was  obtained.  The  levels  of  endotoxin  were,  on  average,  lower  than 
the  overall  total.  The  gram  negative  species  recovered  from  the  liver  were 
typical  of  those  found  in  the  entire  population^e^amined . The  tissue  counts  in 
these  liver  samples  gave  a median  value  of  Hr'  , i.e.,  the  numbers  were  com- 
parable to  the  majority  of  patients  who  had  a diagnosis  of  septicemia. 

In  6 other  patients,  no  endotoxin  was  recovered  from  patients  who  had 
unequivocal  septicemia.  These  patients  are  summarized  in  Table  3.  Four 
of  the  6 had  prolonged  episodes  of  septicemia,  with  multiple  positive  blood 
cultures  with  a variety  of  gram  negative  bacilli,  as  well  as  staphylococci  and 
group  D streptococci . The  bacterial  counts  in  the  liver  samples  had  a median 
value  of  10  , exactly  as  did  those  patients  with  negative  blood  cultures  but 

with  positive  endotoxin  in  the  liver.  The  distinctive  attribute  of  these  patients 
with  sepsis  but  no  endotoxin  in  the  liver  was, in  4 of  them, the  very  prolonged 
series  of  septicemic  episodes. 

The  species  of  organisms  found  in  the  liver  specimens  reflect  the  blood 
stream  content  of  bacteria  in  this  group  of  patients.  The  liver  and  spleen  were 
found  by  Teplitz  and  Lindberg  to  offer  a more  precise  reflection  of  the  blood 
stream  content  than  could  be  obtained  by  postmortem  heart  blood  culture.  The 
number  of  strains  of  the  various  species  recovered  are  shown  in  T able  4.  The 
gram  positive  species  included  a relatively  high  proportion  of  group  D strepto- 
cocci . Among  gram  negative  species , the  proportion  of  Escherichia  coli  and 
Klebsiella  pneumoniae  was  much  higher  than  would  have  been  expected  in  view 
of  the  distribution  of  these  species  recovered  in  blood  culture.  In  contrast, 
only  one  strain  of  Pseudomonas  aeruginosa  was  recovered;  again,  this  low 
incidence  was  surprising  in  view  of  the  frequency  with  which  Pseudomonas 
is  recovered  from  blood  cultures. 

STABILITY  OF  LIMULUS  AMOEBOCYTE  LYSATE 

The  validity  of  the  ongoing  study  of  endotoxin  requires  a reliable  source 
of  amoebocyte  lysate.  In  1973,  a report  on  reactivity  of  lysate  stored  at  4°  C 
and  at  -70  C was  compiled;  the  success  of  the  -70°C  storage  was  indicated. 
However,  further  use  of  aliquots  of  the  lysate  pools  collected  in  1971  occasioned 
continued  control  testing  of  samples  immediately  upon  thawing  and  at  intervals 
during  storage  at  4 C.  Table  5 presents  the  results  of  these  assays.  It  was 
readily  within  the  capability  of  all  the  lysate  samples  to  generate  a usable  re- 
action at  0.00125  ug/ml  of  endotoxin,  but  the  lysate  held  at  -70°C  until  the 
time  of  use  was  more  potent  than  the  same  lysate  thawed  and  held  at  4°C . 

There  are  circumstances  in  which  amounts  of  endotoxin  smaller  than  0.001  uq/ 
ml  are  to  be  assayed,  but  in  the  system  thus  far  employed,  this  degree  of 
sensitivity  is  redundant.  The  stock  of  lysate  collected  in  1971  still  includes 
a usable  volume  of  sensitive  and  specific  reacting  material. 

DISCUSSION 

Further  evidence  for  the  appearance  of  endotoxin  in  the  liver  of  severely 
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(14  positive)  Klebsiella  sp  Klebsiella  sp 

fcnlero  cloacae  Staph  aureus 

Strep  group  l)  E coll 

Prot  mirabilis  Entero  cloacae 


Table  4.  Species  of  Bacteria  Found  in  Autopsy 
Liver  Specimens  from  which  Endotoxin  was  Recovered 


Species  Rcovered 


No.  of  Cultures 


Strep  non  hemolytic  group  D 12 

Staph  aureus  15 

Staph  epidermidis  5 

Corynebacterium  sp  2 

Bacillus  sp  1 

Candida  sp  4 

Enterobacter  cloacae  16 

Enterobacter  aerogenes  8 

Serratia  marcessens  7 

Klebsiella  pneumoniae  22 

Escherichia  coli  28 

Proteus  mirabilis  11 

rettgeri  1 

vulgaris  1 

Providencia  stuartii  2 1 

Pseudomonas  aeruginosa  1 


No.  of  cultures  gram  positive  only  0 

No.  of  cultures  gram  negative  «.nly  28 

No.  of  cultures  gram  positive  and  negative  29 


n 


All  lysates  assayed  by  using  t coli  0111  hpopolysac.chande  (Difco)  as  endotoxin  source 


burned  patients  with  sepsis  has  been  shown  by  the  operations  described  here. 
The  significance  of  bacteria  in  the  liver  as  potential  sources  of  the  endotoxin 
reaction  has  been  scrutinized;  it  appears  very  unlikely  that  the  bacteria 
present  contribute  to  the  reactions  observed.  Ninety  per  cent  of  the  liver 
samples  exhibited  endotoxin,  in  concentrations  ranging  from  0.64  ug/gm  to 
0.001  ug/gm.  This  finding  may  represent  a basic  mechanism  contributing 
to  demise  of  the  septic  patient.  Cells  within  the  liver  clearly  contain  the 
endotoxin,  and  it  may  well  disrupt  essential  lysate  function  or  contribute  to 
the  phenomenon  of  septic  shock. 
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The  incidence  of  sepsis  in  burn  patients,  as  indicated  by  number  of  strains 
of  staphylococci  and  of  gram  negative  bacteria  recovered  from  the  blood  stream, 
was  higher  in  1974  than  in  any  recent  year.  Staphylococcus  aureus,  primarily 
a monotype  epidemic,  was  more  sensitive  to  the  methicillin  group  of  antibiotics, 
and  to  aminoglycosides,  cephalothins  and  tetracyclines  than  in  previous  years, 
although  these  drugs  fioquently  failed  to  effect  clinical  cure  even  with  in  vitro 
sensitive  strains  present.  Enterobacter  cloacae  appeared  on  an  epidemic  scale 
for  the  first  time,  with  high  tissue  levels  of  organisms  connoting  high  invasive 
potential.  It  was  sensitive  mainly  to  minocin  and  colymycin,  as  was  the  case 
with  Klebsiella  pneumoniae,  although  the  latter  species  was  less  widespread 
as  a cause  of  sepsis  . Pseudomonas  aeruginosa,  sti  1 1 a major  cause  of  sepsis, 
was  sensitive  to  colymycin,  gentamycin  and  carbenici  llin,  although  response 
of  Pseudomonas  septicemia  to  these  antibiotics  was  often  inadequate.  Further 
testing  of  two  new  antibiotics.  Amikacin  and  Ticarcillin,  showed  the  former  to 
hold  great  potential  for  Enterobacter,  Klebsiella  and,  to  a lesser  degree, 
Providencia.  The  latter  was  extremely  active  with  Pseudomonas,  and  if  it  is 
pharmacologically  sound,  its  clinical  trial  in  Pseudomonas  sepsis  is  indicated. 


Burns 

Antibiotic  sensitivity 
Chemotherapy 
Pseudomonas 
Prova  c!enci  a 
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ANTIBIOTIC  SENSITIVITY  OF  CURRENT  MILITARY 
BURN  PATIENT  FLORA 


Antibiotic  treatment  is  not  administered  as  an  all-protecting  shield  against 
burn  infection,  but  when  sepsis  supervenes,  systemic  antibiotic  is  the  princi- 
pal  therapeutic  weapon  available.  The  level  of  antibiotic  sensitivity  of  major 
I ■ microbial  species  in  the  burn  ward  thus  becomes  of  immediate  and  pressing 

concern  in  treatment  of  burn  patients.  The  population  of  bacteria  to  which 
j such  patients  are  exposed  is  largely  the  endemic  flora  of  the  burn  ward  at  any 

j ' given  time.  Specific  strains  of  various  species  populate  the  burn  ward,  and 

over  a period  of  time,  such  strains  have  optimal  conditions  for  derivation  of 
: . resistant  forms.  Study  of  antibiotic  sensitivity  summarized  at  suitable  inter- 

vals,  offers  the  best  available  guide  lines  for  antibiotic  use,  and  also  can 
;■)  indicate  those  antibiotics  which,  having  become  ineffective  by  increase  in 

resistant  strains,  should  be  considered  for  suspension  from  extensive  use,  in 
C-i  the  hope  that  sensitive  strains  may  re-emerge. 

[j  TECHNIC  AND  SOURCES  OF  STRAINS 

Minimum  Inhibition  Concentration  (MIC)  technic,  as  described  in  this 
Institute's  Annual  Research  Progress  Report  for  1973,  is  used  routinely  for 
assessing  antibiotic  sensitivity  (1)  . The  test  dilution  ranges  are  25  ug/ml 
down  to  0.078  ug/ml.  For  carbenicillin,  the  range  is  2500  ug/ml  down  to  19 
ug/ml.  Constant  monitoring  is  applied  to  inoculum  size,  which  is  a critical 
factor  in  reliability  and  reproducibility  of  results.  End  points  of  inhibition 
are  assessed  on  the  basis  of  no  visible  growth  for  MIC. 

The  use  of  an  MIC  technic  has  the  advantage  of  expressing  the  sensitivity 
as  an  actual  concentration  of  antibiotic  under  precisely  controlled  conditions. 

Its  disadvantage  is  the  time  consuming  nature  of  the  procedure,  which  limits 
the  number  of  tests  that  can  be  done.  As  a result,  most  of  the  MIC  procedures 
are  done  on  blood  stream  isolates.  This  is  consistent  with  a policy  of  restrained 
use  of  systemic  antibiotics;  they  are  not  used  to  prevent  proliferation  of  bacteria 
on  the  burn  wound,  nor  in  any  other  sense  as  a prophylactic  measure. 

Sources  of  strains  tested  are  shown  in  Table  1 . There  were  649  strains 
tested,  of  which  623  were  blood  stream  isolates.  There  were  small  numbers 
of  strains  from  sputum,  wound  and  other  sources  tested,  but  the  sensitivity 
do-a  are  essentially  that  of  strains  recovered  from  blood  cultures  from  septic 
patients.  This  is,  of  course,  a form  of  selection  in  itself,  and  is  heavily 
weighted  in  that  it  tests  only  those  organisms  that  have  shown  some  degree  of 
invasive  capability.  This  may  well  be  a distinct  advantage  in  the  circumstances 
under  which  these  data  are  used  as  a guideline,  the  clinician  is  not,  after  all , 
concerned  with  the  overall  microbial  flora  of  the  burn  patient  but  with  the 
control  of  sepsis . 


1 . Lindberg  RB  , English  VC,  Pruitt  BA, Jr,  Mason  AD, Jr:  Detection  of 
endotoxin  in  burned  soldiers  with  sepsis.  USA  Inst.  Surg.  Res.  Ann. Res. 
Progress  Rpt  FY  1973,  BAMC,  Fort  Sam  Houston,  Texas.  Section  6. 
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Table  1 . Sources  and  Species  of  Bacteria  Tested 
for  Antibiotic  MIC,  1974 


Species 

Total  No 

. Tested 

Sources  of  Strains 

Patients 

Strains 

B lood 

Lung 

Wound 

Other 

Staph  aureus 

45 

222 

214 

2 

3 

3 

Staph  epidermidis 

16 

16 

16 

0 

0 

0 

Strep  sp  (alpha  & 
non-hemolytic) 

9 

17 

16 

1 

0 

0 

Ps  aeruginosa 

35 

76 

70 

4 

1 

1 

Klebsiella  pneumoniae 

29 

73 

73 

0 

0 

0 

Entero. cloacae 

47 

119 

116 

2 

0 

1 

E coli 

12 

30 

29 

0 

0 

1 

Prot  mirabilis 

9 

22 

22 

0 

0 

0 

Prov  stuartii 

29 

57 

53 

4 

0 

0 

Serratia  marcessens 

10 

17 

14 

2 

0 

1 

Totals 

649 

623 

15 

4 

7 

No.  of  patients  with  at 

least  one 

sensitivity 

test  run:  104 

; The  number  of  strains  of  each  species  tested  reflects  the  relative  in- 

vasiveness and  the  importance;  of  this  species  on  the  overall  burn  ward 
f infection  problem.  Staphylococcus  aureus , Enterobacter  cloacae.  Pseudomonas 

: aeruginosa,  and  Klebsicl la  pneumoniae  were  the  strains  of  greatest  import. 

Providencia  stuarti i , for  the  first  time  in  5 years,  was,  while  still  numeri- 
■ 1 cally  important,  of  far  less  import  than  the  4 major  species. 

! ( The  number  of  patients  who  contributed  strains  is  of  great  significance 

; in  making  clear  the  nature  of  the  microbial  population  sampled.  Clearly, 

if  one  prolonged  septicemia  contributed  5?  to  107  of  strains  sampled,  then 
any  consistent  sensitivity  pattern  of  such  a strain  could  bias  the  overall 
’ susceptibility  pattern  of  this  population.  There  were  104  patients  from 

whom  strains  tested  for  sensitivity  were  acquired,  which  meant  an  average 
of  6.4  strains  per  patient.  Severely  ill  patients  experienced  frequent 
episodes  of  multiple  species  or  even  mixed  blood  cultures.  The  largest 
number  of  strains  from  one  patient,  who  had  acute  bacterial  endocarditis, 
was  33.  Out  of  the;  222  staphylococcus  strains  tested,  11  patients  contribu- 
ted 152  strains;  the  remaining  70  strains  came  from  35  patients.  In  1973, 
only  half  as  many  strains,  or  322,  were  tested  as  was  the  case  in  1974, 
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with  649  strains.  The  proportion  of  strains  from  sputum  cultures  in  1973 
was  far  larger  than  was  the  case  with  the  1974  group.  This  collection, being 
presented  here,  is  almost  exclusively  from  blood  cultures  . Only  4%  of  the 
strains  came  from  other  sources,  and  only  15,  or  2.3%,  came  from  sputum 
cultures.  This  is  an  unprecedented  circumstance;  in  all  previous  compilations 
strains  from  sputum,  wound  and  other  sources  made  up  a significant  part  of 
the  total  tested. 

The  battery  of  antibiotics  used  for  sensitivity  testing  in  1974  was  the  same 
as  that  which  was  employed  in  the  previous  year . For  gram  positive  organisms 
(chiefly  staphylococci)  it  included  nafcillin,  oxacillin,  methicillin,  lincocin. 
clindamycin,  minocin,  garamycin  (Centamycin) , and  cephalothin  (keflin)  . 

For  gram  negative  organisms,  garamycin,  minocin,  cephalothin,  kanamycin, 
ampici  llin, and  collistemethate  sulfate  (Colymycin)  were  routinely  used . Indol- 
negative  Proteus  sp  were  tested  against  penicillin  C and  Pseudomonas 
aeruginosa  against  carbemcillin . Recent  developments  in  antibiotic  dosage 
suggest  that  ampici  llin  and  lincocin  may  be  removed,  to  be  replaced  by  more 
effective  agents.  The  in  vitro  results  with  minocin  and  clindamycin  have 
been  very  encouraging,  but  the  side  effects  of  these  drugs  have  resulted  in 
their  receiving  only  minimal  use. 

RESULTS  OF  SENSTIVITY  TESTS  ON  PRINCIPAL  SPECIES  OF  BURN  FLORA 

Sensitivity  of  the  major  groups  of  microorganisms  are  presented  in  the 
following  tables.  The  , epulis  are  expressed  in  terms  of  cumulative  sensitivity: 
eacn  in>_i  emcnt  inhibits  all  strains  that  were  inhibited  by  lesser  amounts.  An 
arbitrary  level  marking  the  upper  level  of  sensitivity  has  been  set  at  6.5  uy/ 
ml  for  gram  positive  organisms,  and  12.5  ug/ml  for  gram  negative  bacilli  (2)  . 

Staphylococcus  aureus . Sensitivity  of  222  strains  of  Staph  aureus  tested 
in  1974  are  summarized  in  Table  2.  In  view  of  this  description  in  another 
section  of  this  annual  report  (3)  of  a unique  and  dramatic  reversal  of  the 
pattern  of  resistance  to  methicillin  on  the  part  of  Staph  aureus , the  methicillin 
group  of  antibiotics  were  of  particular  interest  in  this  stage  of  the  study.  The 
percentage  of  stra  ins  sensitive  in  1974  to  the  least  effective  of  these  3 anti- 
biotics, methicillin,  was  65.2%,  and  the  other  two  methicillin  type  antibiotics, 
nafci  llin  and  oxaci  llin , inhibited  83.3%  and  82.6%  of  ail  strains  tested  at  6.5  ug/ 
ml.  Minocin  and  clindamycin  were  extremely  effective,  since  they  inhibited 
in  the  96%  range  at  6. 5 ug/ml , and  the  other  antibiotics  tested  inhibited  over 
90%  of  isolates  at  this  level.  Complete  cross-resistance,  which  had  been  ob- 
served with  decreasing  frequency  in  the  past  3 years,  did  not  appear  in  any 
strain.  In  1972,  50  strains  and  in  1973,  5 strains,  completely  cross- resistant 
were  recovered.  This  trend  is  of  major  significance  in  the  biology  of  staphylo- 
coccal resistance  to  antibiotics,  and  it  would  be  gratifying  to  ascribe  to  some 


2.  Finland  M:  Changing  patterns  of  susceptibility  of  common  bacterial 
pathogens  to  antimicrobial  agents.  Ann  Int  Med  76.  1009,  1972. 

3.  Lindberg  RB, Contreras  AA,  Smith  HOD, Jr,  Plowey  EC,  Mason  AD, Jr: 
Antibiotic  sensitivity  of  current  military  burn  patient  flora.  USA  Inst  Surg  Res 
Ann  Res  Progress  Rpt  FY  1973,  BAMC,  Fort  Sam  Houston , Texas  . Section  7. 
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Table  2.  Cumulative  Inhibitory  Levels  for  222 
Strains  of  Staph  aureus,  ISR,  1974 


Antibiotic  Antibiotic  and  % of  Strains  Inhibited  at  Each  Level 


ug/ml 

G 

L 

Sc 

Ps 

U 

Kf 

M 

Cl 

>25 

100 

100 

100 

100 

100 

100 

100 

100 

25 

99.0 

95.3 

91 .7 

93.1 

94.1 

95.9 

99.5 

96.7 

12.5 

97.7 

94.  8 

84.  9 

89.0 

90.9 

91.8 

99.0 

96.7 

6.25 

92.2 

93.9 

65.2 

82.6 

83.3 

90.4 

96.0 

95.8 

3.  12 

30.7 

82.3 

31.0 

72.6 

74.3 

86.8 

84.3 

94.9 

1 . 56 

13.7 

21.3 

9.5 

59.3 

63.9 

78.1 

43.9 

91  .6 

0.78 

11.0 

12.0 

3.  1 

42.9 

45.4 

63.6 

10.7 

84.7 

.<0.78 

11.0 

12.0 

3.1 

42.9 

45.4 

63.6 

10.7 

84.7 

Total  tested 

218 

215 

214 

219 

222 

220 

205 

216 

No.  of  patients  from  whom  strains  were  collected:  46 


G:  Gentamycin  L:  Lincocin  Sc:  Methicillin  (Staphci  I lin)  Ps:  Oxacillin 

(Prostaphlin)  U:  Nafcillin  (Unipen)  Kf:  Cephalothin  (Ketlin) 

M:  Minocycline  (Minocin)  Cl:  Clindamycin  (Cleocin) 


specific  part  of  the  treatment  regimen  this  striking  changeover  from  resistant 
to  sensitive  staphylococci;  but  no  consistent  alteration  in  therapeutic  regimen 
could  be  recognized.  The  change  may  be  correctly  described  as  a reversal  of 
sensitivity  in  a bacterial  population  continually  subjected  to  antimicrobial 
agents,  i.e.,  Sulfamylon  or  si Iver  sulfadiazene , as  topical  agents.  The  use  of 
systemic  antibiotics  was  not  altered  in  any  significant  degree  during  this  period 
of  changing  sensitivity.  The  essential  practice  is  to  use  them  with  caution  and 
restriction  to  specific  needs. 

The  comparison  of  the  proportion  of  staphylococci  inhibited  by  6.25  ug/ml 
of  antibiotic  for  the  past  ; years  underscores  the  dramatic  change  that  took 
place  in  1973  and  1974.  These  changes  are  summarized  in  Table  3.  Since  the 
change  essentially  started  in  the  middle  of  1973,  the  mean  level  of  sensitivity 
was  lower  for  that  year  than  it  was  in  1974.  Further,  there  was  some  fluctua- 
tion in  sensitivity  during  the  months  that  this  staphylococcus  population  was 
changing  in  its  sensitivity  to  antibiotics.  Especially  with  methicillin,  the  pro- 
portion of  resistant  strains  reached  a peak  in  1972;  the  shift  to  greater  sensi- 
tivity was  rapid  in  1973  and  the  "sensitive"  staphylococcal  population  is  now 
very  high. 
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Table  3.  Antibiotic  Sensitivity  of  Staph  aureus, 
ISR,  1968-1974 


Antibiotic 

Year  and  % 

of  Strains 

Inhibited  by  6. 

25  ug/ml 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

Lincocin 

64.7 

48.5 

29.8 

28.4 

26.0 

44.3 

93.9 

Methicillin 

84.6 

25.7 

18.0 

15.5 

13.1 

50.0 

65.2 

Oxaci  llin 

80.0 

33.0 

22.4 

20.1 

18.8 

69.7 

82 .6 

Nafcillin 

90.0 

41.0 

33.9 

33.0 

26.0 

62.3 

83.3 

Gentamycin 

- 

52.0 

32.0 

50.0 

35.0 

67.9 

92.2 

Keflin 

- 

- 

- 

56.4 

22.6 

72.1 

90.4 

Minocin 

- 

- 

- 

- 

- 

84.  1 

96.0 

Clindamycin 

- 

- 

— 

40.7 

95.8 

Staphylococcus  epidermidis.  There  were  16  strains  of  Staph  epidermidis 
recovered  from  16  different  patients  in  1974.  Five  of  these  patients  died,  but 
none  of  the  fatal  cases  had  more  than  one  recovery  of  Staph  epidermidis  and 
there  is  little  reason  to  regard  this  species  as  a major  burn  pathogen.  However, 
its  ability  to  invade  the  blood  stream  makes  its  antibiotic  sensitivity  of  signifi- 
cance. Table  4 summarizes  the  sensitivity  levels  observed.  It  was  obvious 
that  the  strains  were  heterogeneous,  since  their  antibiograms  varied  markedly, 
but  equally  obvious  that  a high  level  of  sensitivity  characterized  this  group  of 
organisms.  Nafcillin,  gentamycin,  and  minocin  were  the  most  effective  anti- 
biotics, but  all  of  the  methicillin  group,  lincocin  and  keflin  were  also  shown 
* f to  be  effective  by  in  vitro  testing.  The  sensitivity  of  strains  of  Staph  epider- 

midis to  this  battery  of  antibiotics  did  not  change  markedly  from  that  observed 
in  1973.  The  one  preceding  observation  was  in  1972;  the  9 strains  tested  that 
i year  were  markedly  less  sensitive  than  those  observed  since  that  time. 

; j Pseudomonas  aeruginosa.  The  continued  prominence  of  Ps  aeruginosa  as 

| an  opportunistic  invader  in  patients  with  severe  burns  is  distressingly  apparent 

despite  the  large  volume  of  intensive  effort  devoted  to  control  of  this  species. 
Successful  control  of  burn  wound  sepsis,  initially  by  Sulfamylon  burn  cream 
and  more  recently  with  topical  silver  compounds,  has  not  reduced  other  infec- 
i'  tions  caused  by  this  organism.  The  scale  on  which  this  species  appears  in  burn 

patients  and  especially  as  the  cause  of  septicemia  indicates  that  overall  control 
has  not  been  achieved.  Antibiotic  sensitivity  is  hence  of  critical  importance, 
since  when  sepsis  due  to  Pseudomonas  does  occur,  the  clinician  is  certain  to 
need  guidelines  for  initiating  therapy  before  the  individual  strain  can  be 
tested.  There  were  35  patients  from  whom  Pseudomonas  strains  were  tested; 
of  the  76  strains,  70  were  recovered  from  the  blood.  Pseudomonas  septicemia 

[ 

i 

i 

£■ 


81 


I 

I 


Table  4.  Staphylococcus  epidermidis:  Cumulative 
Sensitivity  for  16  Strains  from  Blood  Cultures  on 
Burned  Patients , ISR,  1974 


Antibiotic 

ug/ml 

Antibiotic  and  % of  Strains  1 

nhibited  at  Each  Level 

G 

L 

Sc 

Ps 

U 

Kf 

M 

Cl 

> 25 

100 

100 

100 

100 

100 

100 

100 

100 

25 

93.7 

81.2 

75.0 

87.5 

93.7 

87.5 

100 

81.2 

12.5 

87.5 

81.2 

75.0 

81.2 

87.5 

81.2 

ICO 

81.2 

6.25 

87.5 

75.0 

66.6 

81.2 

87.5 

81.2 

87.5 

75.0 

3.  12 

75.0 

75.0 

66.6 

81.2 

75.0 

31.2 

87.5 

68.7 

1 .56 

75.0 

68. 7 

40.0 

62.5 

75.0 

68.7 

81  .2 

62 .5 

0. 73 

62.5 

56.2 

26.6 

37.5 

62.5 

62.5 

68.7 

62.5 

remained  a major  problem  of  severely  burned  patients. 

The  sensitivity  of  Ps  aer  iginosa  strains  in  1974  is  summarized  in  Table  5 . 

As  was  noted  in  the  previous  year,  three  antibiotics,  keflin,  ampicillin  and 
kantrex,  were  virtually  ineffective,  and  minocin  was  inhibitory  to  only  15%  of 
the  strains.  Centamycin,  inhibiting  61.8%  at  12.5  ug/ml,  was  for  the  first  time 
markedly  less  effective  than  colymycin,  which  inhibited  70  strains  at  the  12.5 
ug/ml  level.  Colymycin  was  proportionately  more  effective  than  gentamycin 
in  lower  concentrations.  Eor  the  first  time  since  gentamycin  was  used  in  this 
Institute,  a significant  decrease  in  sensitive  strains  occurred  in  1974,  while 
colymycin  increased  in  the  number  of  strains  inhibited.  The  ratio  of  strains 
sensitive  to  the  total  tested  reversed  for  these  two  antibiotics  in  1974  from 
the  relationship  seen  in  1973. 

Carbenicillin  remained,  in  1974,  a promising  antibiotic  for  Pseudomonas; 
almost  half  of  the  strains  were  inhibited  at  39  ug/ml.  Carbenicillin  is  tested 
at  a higher  concentration  than  is  the  case  for  other  antibiotics.  It  is  the 
mainstay  of  the  armamentarium  for  treating  susceptible  strains  causing 
Pseudomonas  sepsis. 

Progressive,  annual  changes  in  antibiotic  sensitivity  of  Ps  aeruginosa  are 
shown  in  Table  6,  for  1969-1974.  The  behavior  of  Pseudomonas  toward 
gentamycin  has  fluctuated , but  it  reached  its  lowest  level  of  sensitivity  since 
it  has  been  observed,  in  1974.  61 . 8 per  cent  of  the  strains  tested  were  sensi- 
tive to  this  antibiotic.  Conversely,  colymycin  has  become  more  effective  during 
this  period.  The  proportion  of  sensitive  strains  reached  its  all  time  high  of  93.3° 
of  strains  tested  in  1974.  Carbenicillin  has  increased  in  in  vitro  effectiveness 
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Table  5.  Pseudomonas  aeruginosa:  Cumulative 
Inhibitory  Concentrations  for  76  Strains,  ISR,  1974 


Concentration 

Antibiotic  and 

% of  Strains  Inhibited 

ug/ml 

G 

M 

K 

Amp 

Kf 

Co 

Cone 

ug/ml 

Cb 

> 25 

100 

100 

100 

100 

100 

100 

>1250 

100 

25 

63.1 

61  . 8 

13.3 

1.5 

1 . 3 

94.6 

1250 

84.  6 

12 . 5 

61.8 

15.7 

2.6 

1.5 

1.3 

93.3 

62  5 

30.0 

6.25 

60.5 

6.5 

1.3 

1.5 

1.3 

93.3 

312 

75.3 

3.  12 

46.0 

3.9 

1 . 3 

1.5 

1.3 

82.6 

156 

70.  7 

1 . 56 

30.2 

1.3 

1.3 

1.5 

1.3 

49.3 

78 

64.6 

0.78 

30.2 

1.3 

1 3 

1.5 

1.3 

10.6 

39 

46.  1 

<0.78 

6.5 

1.3 

1.3 

1.5 

1.3 

10.6 

19 

6.  1 

G:  Gentamycin 

(Garamycin) 

M:  Minocin 

K: 

Kantrex  (Kanamycin) 

Amp:  Ampicillin  Kf: 

Keflin 

(Cephalothin) 

Co: 

Colistimetbatp 

s u 1 fa  te 

(Colymycin) 

Cb:  Carbenicillin 

(tes  ted 

at  higher  concentrations  than  other 

antibiotics) 


since  1972.  Although  rf  sistant  strains  are  recovered  intermittently,  the 
likelihood  of  carbenici I lin  being  ineffective  against  Pseudomonas  was  far 
less  in  1974  than  it  was  in  1971.  The  increase  in  strains  sensitive  to  this 
analogue  of  penicillin  occurred  at  the  same  time  that  an  increase  in  sensi- 
tivity to  methicillin  occurred  in  staphylococci.  Carbenicillin  was,  in  vitro, 
more  effective  in  1973  and  1974  than  it  had  been  at  any  previous  time. 

Klebsiel  la  pneumoniae  . Among  species  of  the  family  Enterobacteriaceae , 
strains  of  Klebsiella  were  numerically  second  only  to  Enterobacter  cloacae 
among  strains  tested  for  antibiotic  sensitivity  in  1974.  The  enteric  organ- 
isms are  ubiquitous  in  the  immediate  environment  of  the  severely  burned 
patient,  and  there  is  little  likelihood  of  eradicating  a species  which  can 
readily  re-seed  the  burn  from  the  patient's  own  gut  or  respiratory  tract. 

Cumulative  sensitivity  of  73  strains,  from  29  patients,  is  shown  in 
Table  7.  Minocin  and  colymycii  w me  the  only  antibiotics  with  a high 
degree  of  inhibitory  action  agaii  st  Inis  species.  In  1973,  gentamycin 
inhibited  83.  37,  of  strains  tested,  kantrex  72  and  keflin  60.8  V.  The 
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Tdble  6.  Comparison  of  Antibiotic  Sensitivity  of 
Pseudomonas  aeruginosa,  1969-1974 


Antibiotic 

Year  and 

% Inhibi 

ted  at  12. 

5 ug/ml 

1969 

1970 

1971 

1972 

1973 

1974 

• 

| Kantrex 

12.0 

1 .5 

0 

0 

2 

2.6 

Kef  1 in 

5.4 

0 

5 8 

0 

0 

1.3 

Colymycin 

61.0 

63.4 

73.3 

70.0 

86.2 

93.3 

Gentamycin 

75.8 

71.6 

71 . 4 

68.0 

84.3 

61.8 

Arnpicillin 

- 

- 

- 

- 

0 

1 . 5 

Minocin 

- 

- 

31  . 3 

15.7 

r 

l Carbenici  llin 

50.0 

33.9 

30.0 

34.6 

80.4 

70.7 

156  ug/ml 

change  to  resistance  to  these  antibiotics  was  abrupt;  not  one  of  them  in  1974, 
showed  a reasonably  effective  level  of  inhibition.  Although  they  were  not 
sought  out,  it  is  highly  probable  that  episomal  transfer  factors  have  created 
these  resistant  strains  from  the  previously  heterogeneous  and  relatively  sen- 
sitive population.  This  change  has  appeared  after  a relatively  long  period, 
since  1970,  in  which  strains  of  Klebsiella  pneumoniae  changed  little  in  sensi- 
tivity to  antibiotics.  This  loss  of  sensitivity  in  a species  which  is  relatively 
common  in  sepsis  in  burn  patients  is  disquieting.  The  rate  of  extension  of 
transmissable  resistance  factors  appears  to  be  increasing.  New  antibiotics 
will  be  sought  to  reverse  this  pattern,  but  the  process  could  well  repeat 
itself. 

Enterobacter  cloacae.  It  has  been  pointed  out  that  Enterobacter  cloacae 
has  in  a single  year  increased  numerically  in  incidence  in  the  burn  patient 
from  being  a relatively  inconspicuous  and  presumably  benign  part  of  the 
burn  flora  to  being  a major  problem  as  a cause  of  sepsis.  In  1973,  15  strains 
of  Entero  cloacae  were  tested  for  sensitivity.  In  1974,  1 19  strains,  all  but  3 
of  which  wei  e recovered  from  the  blood,  were  tested.  It  is  evident  that  a new 
opportunistic  pathogen  presents  itself  here;  in  previous  years,  the  numbers 
tested  for  antibiotic  were  so  small  that  they  did  not  merit  tabulation. 

Table  8 summarizes  the  sensitivity  of  the  Entero  cloacae  strains  collected 
from  blood  cultures  in  1974.  The  strains  were  sensitive  to  minocin,  from  3 
uy/ml  upward,  to  a very  high  degree.  Colymycin  was  the  other  effective 
drug,  and  it  was  extremely  effective.  Minute  amounts  0.78  ug/mll  served 
to  prevent  growth  in  727,  of  strains  tested,  and  over  909,  of  isolates  were 
inhibited  by  3.  1 ug/ml.  The  other  antibiotics  in  the  test  battery : gontamycin , 
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Table  7.  Klebsiella  pneumoniae:  Cumulative 
Sensitivity  for  73  Strains,  ISR,  1974 


Concentration  Antibiotic  and  % Inhibited 


ug/ml 

G 

M 

K 

Amp 

Kf 

Co 

> 25 

100 

100 

100 

100 

100 

100 

25 

43 

91  . 7 

8.2 

5.4 

19.4 

95.8 

12.5 

15.2 

90.4 

8.2 

1 . 3 

13.8 

95.8 

6.25 

12.8 

83.5 

4. 1 

1.3 

12.5 

95.8 

3.  12 

12.5 

58.9 

1 . 3 

1 . 3 

4. 1 

95.8 

1.56 

4.  1 

4.  1 

0 

1.3 

0 

79.4 

0.78 

2.7 

0 

0 

1 . 3 

0 

43.8 

< 0.78 

2.7 

0 

0 

1.3 

0 

43.8 

Total  tested 

72 

73 

73 

73 

72 

73 

kantrex,  ampicillin  and  keflin,  were  of  little  potential  value  against  this 
newly  prominent  species  of  Enterobacteriaceae.  Further  search  for  anti- 
microbials effective  against  Enterobacter  is  urgently  needed,  since  this 
ubiquitous  opportunist  so  readily  reaches  the  burn  patient,  and  has  now 
exhibited  an  unsuspected  predilection  for  invasive  proliferation  in  the 
burn  wound. 

Proteus  mi rabi  lis . There  were  22  strains  of  Proteus  mirabilis  re- 
covered from  the  blood  stream  of  9 patients  during  1974.  This  is  a minor 
part  of  the  total  picture  of  sepsis  in  the  burn  population  at  the  Institute  of 
Surgical  Research,  but  in  view  of  the  fact  that  8 of  these  9 patients  died, 
and  that  5 of  them  had  from  2 to  5 successive  positive  blood  cultures,  the 
capability  of  this  species  for  causing  significant  infections  is  indicated.  The 
sensitivity  of  these  strains  is  shown  in  Table  9.  In  addition  to  the  basic 
battery  of  6 antibiotics,  penicillin  G was  evaluated,  since  it  has  been  des- 
cribed as  effective  against  many  indol-negati ve  Proteus  strains.  Gentamycin, 
kantrex  and  keflin  were  by  far  the  most  effective  antibiotics  against  these 
strains.  All  strains  were  inhibited  by  keflin  at  12.5  ug/ml,  all  but  one  by 
gentamycin  and  over  60%  of  them  by  kantrex.  The  remaining  antibiotics 
were  so  ineffective  as  to  be  beneath  consideration.  Four  strains  were  in- 
hibited at  12.5  ug/ml  by  penicillin  G.  When  the  behavior  of  these  isolates 
was  adjusted  in  terms  of  letting  each  contributor  of  several  strains  carry 
the  average  sensitivity  as  one  strain,  there  was  no  essential  change  in  the 


85 


Table  3.  Enterobacter  cloacae:  Cumulative 
Sensitivity  for  119  Strains,  ISR,  1974 


Concentration 

ug/ml 

Antibiotic  and  % Inhibited 

C 

M 

K 

Atop 

Kf 

Co 

>25 

100 

100 

100 

100 

100 

100 

25 

48.  7 

96.6 

6.7 

6.7 

2 . 5 

95.7 

12.5 

13.4 

94.9 

4.2 

4. 2 

1 . 7 

94  9 

6.25 

13.4 

94.  1 

4.2 

3.3 

0.8 

93.2 

3.  1 

11.7 

70.5 

1.6 

2.5 

0 

91.5 

1 . 5 

8.4 

5.0 

0.8 

0.8 

0 

87.2 

0.78 

4.2 

3.3 

0.8 

0.8 

0 

72.0 

<0.78 

4.2 

3.3 

0.8 

0.8 

0 

72.0 

No.  of  strains  tested:  119 


sensitivity  ratios.  None  of  these  patients  were  examples  of  single  species  in- 
volvement; other  species  were  also  recovered. 


Table  9.  Proteus  mirabilis:  Cumulative 
Sensitivity  for  22  Strains,  ISR,  1974 


Concentration 

ug/ml 

Antibiotic  and  % Inhibited 

G 

M 

K 

Amp 

Kf 

Co 

Pen  G 

> 25 

100 

100 

100 

100 

100 

100 

100 

25 

95.2 

54.5 

81.6 

18.  1 

100 

0 

18.9 

12.5 

95.2 

4.5 

63.5 

18.  1 

100 

0 

18.9 

6.25 

72.5 

4.5 

27.2 

18.  1 

81  .5 

0 

4.7 

3.  12 

58.9 

4.5 

4.5 

18.  1 

40.7 

0 

0 

1 . 56 

40.8 

4.5 

4.5 

13.6 

22.6 

0 

0 

0.78 

4.5 

4.5 

4.5 

0 

9.0 

0 

0 

CO 

o 

s/ 

4.5 

4.5 

4.5 

0 

9.0 

0 

0 

No.  of  isolates 

tested:  22 
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Providencia  stuarti i . There  were  29  patients  from  whom  a total  of  57 
strains  of  Providencia  stuartii  were  recovered.  This  is  a somewhat  lower  inci- 
dence of  Providencia  infection  than  had  been  seen  in  previous  years,  but 
the  organism  has  been  a very  dangerous  burn  wound  pathogen  and  there  is  no 
assurance  that  it  will  diminish  further.  Out  of  the  29  patients  with  Providencia 
septicemia,  23,  or  79.3°o,  expired.  As  had  been  described  previously,  the 
appearance  of  Prov  stuartii , often  after  another  species  had  previously  been 
recovered,  was  very  apt  to  be  a terminal  event. 

There  were  no  strains  of  Prov  stuartii  suppressed  by  25  ug/ml  of  any  of  the 
6 antibiotics  tested,  in  1909  197C,  gentamycin,  colymycin,  tetracycline, kantrex 
and  keflin  were  active  at  12.5  ug/ml  against  a small  part  of  the  total  population. 
This  proportion  decreased  in  1970.  Since  1970,  no  strains  sensitive  to  the  test 
battery  have  been  recovered.  This  total  cross  resistance  is  not  only  serious 
from  the  standpoint  of  there  being  no  effective  antibiotic  for  this  organism,  but 
the  implication  of  a large  pool  of  transfer  resistance  factors  which  can  be  intro- 
duced into  other  Enterobacteriaceae  is  disturbing . As  has  been  pointed  out 
earlier,  the  Providencia  strains  behave  in  an  epidemic  manner,  and  are  ob- 
viously capable  of  seeding  a burn  population  completely.  This  pathogen  re- 
mains a major  concern  in  burn  patients,  and  no  good  solution  leading  to  its 
control  has  been  advanced. 

Escherichia  coli . An  ubiquitous  enteric  species,  Escherichia  coli , has  a 
consistent  but  relatively  low  level  of  behavior  as  a systemic  invading  organism, 
and  in  1979,  30  strains,  all  from  blood  cultures  from  12  patients,  were  tested 
for  antibiotic  sensitivity.  The  cumulative  sensitivity  of  these  strains  is  shown 
in  Table  10.  The  most  potent  antibiotics  against  these  isolates  were  colymycin 
and  minocin.  Gentamycin  inhibited  two-thirds  of  the  isolates,  and  the  remaining 
antibiotics  were  effective  against  from  one- third  to  one- fourth  of  the  strains 
tested.  Although  the  number  of  strains  of  E coli  had  not,  in  previous  years, 
reached  numbers  to  justify  setting  down  sensitivity  results  in  detail,  the  anti- 
biotics of  greatest  effectiveness  have  been  minocin  (or  formerly,  tetracycline)  , 
colymycin  and  to  a lesser  extent,  gentamycin. 

Serratia  marcessens.  Serratia  marcessens  has,  at  times,  caused  serious 
outbreaks  of  sepsis  on  the  burn  ward,  but  in  1979  its  incidence  was  low  and 
sporadic,  and  it  was  not  found  in  blood  cultures  after  June  1979.  There  were 
10  patients  from  whom  17  strains  altogether  were  recovered  from  the  blood. 

They  were  relatively  resistant  to  antibiotics:  all  were  inhibited  by  minocin  at 
6.25  ug/ml;  gentamycin,  ampicillin  and  kantrex  respectively  inhibited  one- 
fourth  or  less  of  the  strains  at  12.5  ug/ml,  and  keflin  and  colymycin  were 
totally  inactive  against  these  strains  of  S marcessens . The  species  continues  to 
appear  on  burn  wounds  and  on  other  sites,  but  has  not  recently  been  a matter 
of  concern  as  a cause  of  sepsis. 

EXPERIMENTAL  ANTIBIOTICS  TESTED,  WITH  REFERENCE  TO  PSEUDOMONAS 
AERUGINOSA  AND  PROVIDENCIA  STUARTII 

In  view  of  the  continued  importance  of  Ps  aeruginosa  and  of  Prov  stuartii 
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Table  10.  Escherichi a col i : Cumulative 
Sensitivity  of  30  Strains,  ISR,  1974 


Concentration 

ug/ml 

Antibiotic  and  % Sensitive 

G 

M 

K 

Amp 

Kf 

Co 

7*  2 5 

100 

100 

100 

100 

100 

100 

25 

83.2 

96.6 

51  .6 

26.5 

59.8 

89.8 

12.5 

66.6 

83.3 

37.8 

26.5 

33.2 

89.8 

6.25 

56.6 

70.0 

20.6 

19.9 

29.9 

89.8 

3.  12 

56.6 

50.0 

0 

6.6 

3.3 

86.5 

1 . 56 

23.3 

40.0 

0 

0 

0 

83.2 

0.78 

3.3 

20.0 

0 

0 

0 

46.6 

<£0. 78 

3.3 

20.0 

0 

0 

0 

46.6 

No.  strains  tested: 

30 

as  opportunistic  invaders,  and  of  the  relative  to  complete  antibiotic  resistance 
shown  by  these  species,  further  m vi tro  study  was  made  of  two  experimental 
antibiotics:  BB  K8  (now  designated  as  amikacin)  and  BRL-2288,  or  ticarcillin. 

In  vitro  tests  of  isolates  of  Ps  aeruginosa  were  compared  in  ticarcillin  and 
carbenici  I li n to  which  it  is  a close  analogue.  Tests  were  an  extension  of  initial 
observations  made  in  1973. 

The  cumulative  sensitivity  of  these  strains  is  shown  in  Figure  1.  The  effec- 
tive concentration  range  for  ticarcillin,  like  carbenici  llin , is  higher  than  is  the 
case  with  most  categories  of  antibiotics,  and  concentrations  up  to  156  ug/ml  are 
regarded  as  connoting  a clinically  meaningful  sensitivity  level. 

Ticarcillin  was  more  active  than  carbenici  1 1 in  . Over  80%  of  the  strains  were 
inhibited  by  39  ug/ml , and  over  90%  by  78  ug/ml . In  contrast,  39  ug/ml  of 
carbenici  1 1 i n inhibited  only  42%  of  the  strains,  and  78  ug/ml  inhibited  72%  of 
the  strains . These  promising  results  in  vitro,  together  with  laboratory  evidence 
of  the  feasibility  of  controlling  Pseudomonas  burn  wound  sepsis  in  the  experi- 
mental rat  model,  strongly  indicate  that  ticarcillin  should  be  considered,  assum- 
ing that  clinical  trials  have  indicated  its  safety,  in  the  not  inconsequential  number 
of  cases  of  septicemia  due  to  Ps  aeruginosa  which  still  occur  in  this  Institute. 

Amikacin,  or  BB-K3,  pi  educed  by  Bristoi  Laboratories , has  been  scrutinized 
with  particular  care  because  of  its  reported  effectiveness  against  Prov  stuartii . 


i- 


88 


mi  in  in 


MiiiaMiMiMMiHMIHHi 


t ed 


Tests  were  extended  to  include  other  species  of  Enterobacteri  aceae  capable  of 
lousing  sepsis  in  burned  patients . Twenty-six  strains  of  Prov  stuartii,  pri- 
marily from  blood  cultures,  were  tested  along  with  54  strains  of  Klebsiel  la 
pneumoniae,  45  strains  of  Enterobacter  cloacae,  and  54  strains  of  Ps  aeruginosa . 
The  results  are  presented  graphically  in  Figure  2.  The  most  dramatic  result 
occurred  with  Enterobacter  cloacae,  which  has,  in  its  enlarged  role  as  a burn 
pathogen,  been  less  than  amenable  to  antibiotic  therapy.  At  3.12  ug/ml,over 
95  of  Enterobacter  strains  were  inhibited.  Among  other  antibiotics  tested 
against  Enterobacter,  only  colymycin  and  minocin  are  active  in  this  range.  Each 
of  those  two  antibiotics  has  attributes  that  make  it  less  than  optimal  as  a thera- 
peutic agent.  The  effectiveness  of  amikacin  merits  further  investigation. 

Klebsiel  la  pneumoniae  was  also  highly  sensitive  to  amikacin,  although  not 
to  the  degree  of  Enterobacter . Pseudomonas  strains  were  inhibited  to  the 
extent  of  85%  of  those  tested  at  6.2  ug/ml.  Prov  stuartii , the  initial  reason  for 
trying  amikacin,  was  the  least  affected  by  the  drug;  30.7%  of  the  strains  tested 
were  inhibited  by  6.25  ug/ml,  and  65%  by  12.5  ug/ml.  This  is  almost  identical 
to  the  first  brief  study  of  Providencia  strains;  the  sensitivity  is  at  least  far  more 
promising  than  the  total  lack  of  sensitivity  to  available  antibiotics.  Amikacin 
appears  to  hold  real  promise  in  therapy  of  sepsis  occasioned  by  Enterobacteriaceae, 
and  possibly  by  Ps  aeruginosa  as  well. 

DISCUSSION 

Knowledge  of  the  changes  in  sensitivity  to  antibiotics  which  occur  with 
some  species  of  bacteria  in  the  Institute  of  Surgical  Research  burn  patient  popu- 
lation are  of  great  importance  in  programming  the  most  effective  presumptive 
therapy  for  use  in  the  early  stages  of  sepsis  in  these  patients.  While  sensitivity 
determinations  are  done  routinely  on  all  blood  stream  isolates  and  on  request, 
from  any  other  source,  there  is  a relatively  long  delay  between  the  first  signs 
of  septicemia  and  the  acquisition  of  these  data.  In  this  interval  the  selection  of 
antibiiotic  by  the  clinician  may  be  greatly  aided  by  knowledge  of  the  sensitivity 
pattern  of  recent  isolates.  Further,  occasional  dramatic  profound  changes  in 
antibiotic  sensitivity  of  strains  of  bacteria  known  to  be  endemic  on  the  burn  ward 
have  occurred.  Definitive  explanation  of  these  changes  has  not  yet  been  achieved 
and  only  precise  chronologic  assessment  of  sensitivity  will  detect  such  changes 
so  that  we  can  at  least  have  a a strarting  point  for  assigning  significance  to  this 
phenomenon . 

The  Staph  aureus  populations  followed  a new  trend  in  sensitivity  in  1974,  by 
reaching  a new  high  in  sensitivity  to  the  methicillin  group  of  antibiotics.  This 
pattern  also  extended  to  lincocin,  minocin,  clindamycin,  gentamycin  and  keflin. 
Despite  a mean  sensitivity  pattern  which  did  not  include  even  one  strain  with 
complete  cross- resistance , in  contrast  to  50  cross-resistant  strains  observed  in 
1972,  the  incidence  of  sepsis  due  t staphylococci  rose  in  1974  over  that  in  1973. 
More  people  had  prolonqed  staphylococcal  septicemia  than  had  been  recorded 
previously.  Thus,  in  the  presence  of  a highly  m vitro  sensitive  population  of 
organisms,  control  of  infection  by  antibiotic  was  less  successful  than  it  had  been 
during  a period  of  high  antibiotic  resistance. 
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The  major  burn  pathogen  Ps  aeruginosa,  exhibited  no  marked  change  in  the 
sensitivity  of  its  population  to  antibiotics,  with  the  possible  exception  fit  a 
decrease  in  sensitivity  to  minocin.  The  spectrum  of  effective  safe  antibiotics 
availabe  for  treatment  of  Pseudomonas  sepsis  is  narrow,  and  the  in  vitro  effec- 
tiveness of  ticarcillin  and  of  amikacin,  assessed  as  part  of  a survey  of  potential 
therapeutic  agents,  strongly  indicates  the  need  for  a trial  of  these  agents  in 
episodes  of  such  a nature. 

Appearance  of  resistance  to  antibiotic  was  obvious  with  Klebsiel  la  pneumoniae 
from  burn  patients  in  1974.  Gentamycin,  kantrex  and  keflin  fell  from  60  to  80' 
of  isolates  sensitive  to  a level  of  8 to  15V  sensitive.  Again, the  need  for  more 
effective  antibiotics  makes  consideration  of  amikacin,  to  which  the  1974  Klebsiella 
isolates  were  very  sensitive,  a subject  for  serious  consideration.  The  same 
situation  prevailed  for  Enterobacter  cloacae,  although  there  was  no  antecedent 
information  on  sensitivity  of  a comparable  order,  since  until  1974  E cloace  had 
not  been  a numerically  significant  cause  of  sepsis  n burns. 

Other  species  of  Entcrobacteriaccae  were  found  in  numbers  too  small  to  make 
their  role  in  sepsis  significant,  with  the  exception  of  Providencia  stuarti i . This 
species  remained  resistant  to  all  antibiotics  tested  with  the  exception  of  the 
experimental  amikacin,  with  657  of  strains  inhibited  by  12.5ug/ml.  This  is  not 
an  optimal  inhibitory  capability,  but  it  is,  currently,  the  best  available  and 
would  appear  to  merit  trial  in  cases  of  sepsis  due  to  Providencia. 

The  control  of  established  sepsis  in  burn  patients  by  use  of  systemic  anti- 
biotics is  more  than  ever  one  of  finding  a means  of  controlling  broadly-resistant 
gram  negative  bacilli . The  available  antibiotics  are  on  the  bsis  of  in  vitro  in- 
hibitory potential,  far  from  an  adequate  answer.  Further  search  for  effective 
compounds  will  be  implemented. 

PRESENTATIONS 

Lindberg  RB , "Antibiotic  Resistance  and  Nosocomial  Infections"  presented 
at  American  Public  Health  Association  meeting.  New  Orleans,  La,  Oct  12,  1974. 

PUBLICATIONS 
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Evaluation  of  the  very  extensive  Stapiiy 'ococcus  aureus  colonization  and 
infection  problem  by  phaye  typing  and  antibiotic  sensitivity  revealed  exis- 
tence of  a unique,  3 year  long  epidemic  of  multiply-resistant  Staph , aureus , 
phaye  type  84.  Resistance  to  methicillin  was  exceptionally  high.  Extensive 
cross- resistance  occurred  over  th>  entire  spectrum  of  antibiotics  available 
for  staphylococcal  disease.  Starting  in  mid-  1973,  a reversion  to  sensitivity 
began,  which  duriny  1974,  reached  a climax  level  v.  ith  a greater  sensitivity 
to  the  methicillin  group,  cephalothins,  aminoglycosides  and  tetracyclines  than 
had  previously  been  seen.  The  phage  type  remained  unaltered  although  a 
recent  shift  in  type  to  84,85  has  been  manifest.  The  extent  of  staphylococcal 
infection  has  not  lessened  with  the  improved  status  of  sensitivity  in  this 
population . 


Staphy  lococcus 
Septicemi  a 
Burns 

Burn  Infection 
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LMLkGl  NCI  Or  ML.THIULLIN  Hr  SI  ST  ANT  STAPHYLOCOCCUS 
AUkl  lJS  TYPE  84  AMO  84,84  IN  BUkNLL)  MILITARY  PLRSONNEL 

St.ipliy  l<>(  ik  cus  aureus  in  burned  patients  has  offered  an  anomalous 
pn.  litre  of  .1  presumably  controlled  and  controllable  pathogen  which,  after  a 
relatively  quiescent  per:  1 in  1402  1408,  i e appeared  as  a major  cause  of 

morbidity  and  mortality  in  burned  patients.  In  1474,  the  sequence  of  initial 
staphylococcemia  followed  by  (jram  neqative  sepsis  was  a conspicuous  feature 
in  the  course  of  fatally  burned  patients.  Staphylococcemia  as  a primary 
complication  was  seen  more  frequently,  and  staphylococcal  colonization  of 
burns  was  ubiquitous.  The  level  of  antibiotic;  susceptibility  varied  markedly 
during  the  period  1408  1474,  the  organisms  went  from  a relatively  susceptible 
population  to  an  almost  completely  resistant  one,  then  reverted,  with  a rela- 
tively unchanged  phaqe  type,  to  an  antibiotic  sensitive  series  of  strains, 
which  is  presently  on  hand.  But  such  bizarre  shifts  in  sensitivity  offer  no 
reassurance  that  the  staphylococci  will  now  remain  sensitive,  especially  to 
the:  methicillin  group  of  antibiotics. 

Staph  aureus  was  the  spec  ies  most  frequently  recovered  in  blood  culture 
in  1974.  Tins  was  in  contrast  to  the  previous  year,  when  there  was  an 
absolute  decrease  in  staphylococcemia.  Most  of  the  staphylococci  recovered 
in  blood  were  part  of  a mixed  bacteremia,  either  preceded  or  followed  by 
gram-negative  bacilli  in  the  blood  stream. 

Phage  Types  of  Staph  _aui  eus  Over  the  Period  1968-  1974. 

The  incidence  of  the  predominant  phage  typos  which  made  up  this  epi- 
demic staphylococcus  population  are  summarized  over  the  period  from  1968 
through  1974  in  Figure  1 The  percentage  of  patients  harboring  a given 
strain  is  sh<  wn  in  the  total  proportion  covered  by  the  block  outline.  The 
solid  black  area  represents  the  percentage  of  all  strains  that  wore  of  a given 
type  tor  that  year . 

During  the  period  from  1968  onward,  type  84,  type  84,85,  the  47,54,75, 
84,85  group  and  the  nontypablo  strains  were  the  most  commonly  encountered 
forms.  No  other  types  occurred  in  significant  numbers.  By  1970,  type  84  was 
recovered  from  407.  of  the  patients.  At  this  point  the  strain  represented  by 
type  84  preempted  the  patient  population.  During  the  next  3 years,  it  never 
fell  in  colonization  rate  below  787,  of  the  patients.  Next  in  frequency  to  type 
84  were  nontypable  strains,  which  presumably  represent  a heterogeneous 
populatio  i.  At  the  same  time  that  an  increase  in  incidence  of  type  84  was 
occurring,  in  1970  a unique  outbreak  of  a group  of  strains  classified  as 
47,54, 75, 84,  85  appealed  and  occasioned  a striking  peak  incidence  which 
abruptly  disappeared  at  the  end  of  that  year.  It  has  since  been  seen  only 
often  enough  to  assure  tha*.  it  still  exists,  but  has  never  again  exhibited 
the  broad  persistence  that  characterize!,  its  peak  incidence.  It  is  of 
particular  interest  that  group  I types,  including  the  classic  "hospital  strain" 
of  the  52,52A,80,81  group  have  not  been  found  in  numbers  sufficient  to  have 
them  appear  in  the  compilation  of  types.  Phage  type  84,85  merits  specific 
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comment  since  it  is  closely  related  to  type  84,  but  it  has  failed  to  reach 
numerical  incidence  comparable  to  type  84.  It  virtually  disappeared  in  1970 
and  1971,  and  since  then  has  been  recovered  with  increasing  frequency.  Its 
proportionately  high  incidence  in  patients  in  contrast  to  its  proportion  of 
all  strains  recovered  reflects  the  fact  that  it  tends  to  appear  once  or  twice 
in  a patient's  cultures,  then  disappear. 

S t aph  Phage  Types,  ISR,  1974 

There  were  1152  strains  of  Staph  aureus  from  166  patients  on  the  burn 
ward,  typed  in  1974.  They  were  from  all  sources:  wound,  blood,  sputum, 
urine  catheters,  etc.  The  overall  frequency  of  the  predominant  types  is 
shown  in  Table  1.  The  incidence  of  patients  positive  gives  a truer  picture 
of  incidence  in  one  respect,  that  it  discounts  the  distortion  of  incidence 
which  occurred  when  one  or  two  patients  contributed  a disproportionate 
number  of  strains.  The  frequency  of  major  groups  was  as  it  had  been  in 
recent  years;  type  84  from  67",  of  patients,  nontypables  from  41.61  of 
patients,  and  84.85  from  34.31  of  patients.  Type  WH-1,  now  re-designated 
as  type  94,  appeared  in  virtually  identical  proportion  to  its  occurrence  in 
1973:  10.27,  of  the  patients  were  positive  at  least  once,  although  only  2.39 
of  the  strains  were  WH-1.  Type  75  is  probably  a member  of  the  47,54,75,84, 
85  group.  The  categories  shown  accounted  for  94.61  of  all  strains.  The 
staphylococcus  population, in  terms  of  predominant  forms,  changed  but  little 
in  1974  over  the  picture  seen  in  1972  and  1973. 

Table  1.  predominant  S t aphy 1 ococcus 
aureus  Phage  Types  in  ISP  "urn 
Patients,  1974 


Phage  Type 


Pat i onts 


Strains 


Per  cent 


R4 

46.9 

55-6 

Non-typeabl e 

41.6 

15.6 

94,95 

34.3 

19.2 

WH-1 

10.2 

2.3 

75 

3.0 

0.5 

29 

2.4 

1 .0 

53 

0.4 
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Staph  aureus  from  Blood  Stream  Infections,  1974 

The  septicemic  strains  may  readily  be  pictured  as  possessing  invasive 
and  pathogenic  attributes  not  shared  by  all  staphylococci.  If  this  were 
true,  phage  type  differentiation  might  show  such  a distinction,  and  the 
recognition  of  more  virulent  human  strains  could  improve  therapeutic 
approaches  to  their  control.  There  were  204  strains  from  blood  cultures 
on  42  patients  typed  during  1974.  Table  2 summarizes  the  type  distribu- 
tion observed.  The  type  distribution  was  in  fairly  close  agreement  with 
the  overall  type  distribution,  both  in  terms  of  patients  positive  for  a given 
type  and  for  the  proportion  of  strains  of  each  type.  A higher  proportion  of 
nontypable  strains  were  associated  with  a fatal  outcome  than  would  have 
been  anticipated,  and  a proportionate  lessening  of  lethal  outcome  in  type 
84,  85  bacteremia.  This  reversal  would  not  be  sufficient  to  justify  the 
assumption  that  a major  difference  in  type  behavior  could  be  discerned. 

The  percentage  of  patients  with  type  84  in  the  blood  was  66.6%;  66.9%  of 
patients  had  type  84  from  all  sources.  Type  84,85  was  recovered  from  the 
blood  of  31%  of  patients  with  staphylococcemia,  and  in  34.  3%  of  patients  with 
staphylococci  from  all  sources.  Nontypable  strains  were  found  in  16.2%  of 
patients  with  positive  blood  cultures  and  in  41.6%  of  patients  with  staphylo- 
cocci from  all  sources. 


Table  2.  Types  of  Staphylococcus  aureus  from  Blood 

Stream  of  IS R Burn  Ward  Patients,  1974 


Phage  Type 

Pa  ti  ent 

No.  of 

Patients-Strai'ns 

84 

84,85 

NT 

Other 

Types 

No.  of  Pa t i en t s -S t ra i ns  Each  Type  | 

Survi ved 

12-44 

8-25 

3-11 

1-7 

1-1 

fxpi  red 

30-160 

20-94 

10-44 

10-19 

3-3 

Total 

42-204 

28-119 

13-55 

11-26 

4-4 

Staph  aureus  Types  From  Lung  Tissue  at  Autopsy  of  Burn  Patients 

The  predominant  species  of  bacteria  in  the  lung  at  autopsy  can  be  of 
major  significance  in  establishing  the  etiology  of  the  pneumonia  which,  as 
< couipl i cation  in  severe  burns,  can  contribute  in  a significant  degree  to 
r ital  outcome.  The  phage  type  found  among  staphylococci  recovered  from 
lung  at  autopsy  were  lienee  cultured. 
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Twenty-seven  patients  yielded  a total  of  67  strains  of  Staph  aureus 
from  autopsy  culture  of  the  lung.  The  phage  type  distribution  is  summarized 
in  Table  3.  There  were  20  patients  with  type  84  in  the  lung,  7 with  84,85, 
and  4 with  nontypable  strains.  With  due  regard  for  the  small  sample  size, 
these  numbers  are  comparable  to  the  type  distribution  of  the  whole  staphylo- 
coccus collection.  Nontypable  strains  were  found  in  only  15%  of  the  patients; 
they  were  41.6%  of  all  sources . Such  a discrepancy  is  consistent  with  the 
interpretation  that  the  most  heterogeneous  and  mixed  collection  of  staphylo- 
cocci would  indeed  come  from  undifferentiated  sources  and  would  include  the 
highest  proportion  of  nontypable  strains  with  the  lowest  proportion  of  tissue- 
invading  strains . 


Table  3.  Phage  Types  of  Staphylococcus 
aureus  from  Lung  Tissues,  1 97*+ 


Phage  Type 

84 

34,85 

NT 

WH-1 

53 

71 

No.  of 

Patients  - Strains 

20-40 

7-16 

4-8 

1 -1 

1-1 

1-1 

Antibiotic  Sensitivity  of  Staphylococci,  1970-1974 

The  development  of  a population  of  staphylococci  highly  resistant  to 
antibiotics  of  all  major  categories  has  been  observed  in  the  Institute  of 
Surgical  Research,  with  the  peak  of  antibiotic  resistance  occurring  in  1972. 

In  the  following  year,  1973,  there  was  a reversal  of  sensitivity,  even  though 
the  predominant  phage  type  did  not  change.  At  that  time,  a change  in  sensi- 
tivity to  Oxaciilin  and  Nafcillin  occurred,  with  a later  change  in  the  sensitivity 
of  staphy lococci  to  methicillin. 

The  sensitivity  of  the  staphylococci  since  1967  is  summarized,  on  an 
annual  basis  in  Table  4.  Sensitivity  is  regarded  as  having  an  upper  limit 
of  6.25  ug/ml;  inhibition  by  this  or  a lower  level  qualifies  the  organism  as 
sensiti  ve . 

It  is  obvious  that  the  change  in  sensitivity  that  began  in  this  epidemic 
population  in  1973  progressed  to  the  category  of  an  extremely  sensitive 
population  of  staphylococci  by  the  beginning  of  1974.  The  least  active  anti- 
biotic, methicillin,  was  effective  against  55.2%  of  the  population;  this  figure 
had  not  changed  since  1973.  Every  other  antibiotic  had  a higher  level  of 
sensitive  strains  in  1974  than  was  seen  in  1973.  Whether  the  methicillin 
sensitivity  will  remain  at  this  level  cannot,  at  present,  be  foretold;  the 
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Table  4.  Antibiotic  Sensitivity  of  Staph  aureus 
i of  Strains  Inhibited  by  6.2S  ug/ml  or  less 


Antibiotic  and  Per  Cent  Inhibited 


Year 

C 

L 

Ps 

Sc 

U 

Kf 

M 

Cl 

1967 

- 

89.4 

94.0 

61  . 1 

94.  4 

- 

- 

- 

1968 

- 

64.7 

80.9 

84.6 

90.0 

- 

- 

- 

1969 

52.0 

48.  5 

33.0 

2 5.7 

41.0 

- 

- 

- 

1970 

32.0 

29.8 

22.4 

18.0 

33.9 

- 

- 

- 

1971 

56.0 

28.4 

20.  1 

15.5 

33.0 

56.4 

- 

- 

1972 

35.6 

26.0 

18.8 

13.1 

26.0 

22.6 

51.5 

- 

1973 

67.9 

44.  3 

69.7 

50.0 

62.3 

72.1 

84.1 

40.7 

1974 

92.2 

93.9 

65.2 

82.6 

83.3 

90.4 

96.0 

95.8 

G:  Gentamycin;  L:  Lincocin;  Ps:  Oxacillin;  Sc:  Methicillin; 

U:  Nafcillin;  Kf:  Keflin;  M:  Minocin;  Cl:  Clindomycin 


slight  decrease  between  1973  and  1974  could  be  a warning  of  further  loss  of 
activity,  or  could  be  a minor  fluctuation. 

The  sensitivity  of  Staph  aureus  to  the  battery  of  test  antibiotics  is 
shown  in  graphic  form  to  make  more  obvious  the  really  extreme  sensitivity 
f that  has  been  observed  in  this  population  (Figure  2)  The  proportion  of  all 

strains  that  are  inhibited  below  the  cut-off  of  6.25  ug/ml  is  very  high; 
methicillin  is  the  only  antibiotic  that  does  not  inhibit  over  80%  of  strains  at 
that  level.  The  broad  extension  of  increased  sensitivity  is  shown  in  figure 
3;  here  sensitivities  to  Lincocin,  Keflin,  Clindomycin  and  Minocin  are 
summarized.  Lincocin  and  Minocin  were  highly  effective  starting  at  3.  12 
ug/ml;  Keflin  and  Clindomycin  were  extremely  active  at  the  minimum  test 
concentration  of  0.78  ug/ml.  This  change  of  sensitivity  in  a population  of 
staphylococci  which  remained  of  the  identical  phage  type  has  no  precedent 
in  current  literature.  It  is  not  a phenomenon  that  has  been  previously 
observed . 

Chronologic  Sequence  of  Staph  aureus  Phage  Types,  1974 

In  view  of  the  unique  quality  of  the  staphylococcus  senstivity  pattern, 
the  sequence  of  events  in  the  staphylococcus  population  with  reference  to 
succession  of  types  was  analyzed  on  a monthly  basis.  The  sequence  is 
illustrated  graphically  in  figure  4. 
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Figure  2 CUMULATIVE  SENSITIVITY  or  STAPH.  AURfUS  TO  AN T l B l (T 1 f 
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Proceeding  from  left  to  right  is  the  phage  type;  in  blocks  - the  number 
of  patients  and  strains  during  each  month  with  a particular  type,  and  last 
the  total  patients  and  strains  for  the  year  for  each  type.  Listed  at  the  bottom 
are  the  total  patients  and  strains  represented  in  each  month's  sampling.  The 
predominant  phage  type  for  each  month  is  illustrated  by  a solid  black  frame, 
the  secondary  type  by  a broken  line  frame,  and  other  types  by  a single  frame. 

It  is  readily  apparent  that  for  the  first  nine  months  of  the  year,  phage 
type  84  was  predominant  and  nontypable  strains  were  secondary.  But  during 
the  last  three  months,  there  is  a shift  to  phage  type  84,85  strains  with  the 
type  84  and  NT  strains  occupying  second  place.  In  fact,  the  substantial  in- 
crease in  the  number  of  patients  with  type  84,85  strongly  suggests  that  type 
84  may  be  in  the  process  of  being  superseded  as  the  predominant  type. 

DISCUSSION 

The  sequence  of  development  of  extreme  antibiotic  cross-resistance  in 
a monotype  population  of  Staph  aureus , and  an  abrupt  shift  to  a highly  sensi- 
tive population,  was  not  only  unexpected  but,  in  terms  of  available  literature, 
unprecedented.  Cross-resistance  of  a high  order  has  been  reported  as 
occurring  only  in  a small  proportion  of  isolates.  The  reversion  to  a level  of 
sensitivity  greater  than  had  been  seen  since  these  antibiotics  were  first  used 
is  a development  gratifying  to  the  clinician  but  not  explainable  on  the  basis 
of  available  knowledge.  Although  the  antibiotic  sensitivity  level  is  far  higher 
than  it  was  a year  ago,  staphylococcal  sepsis  still  occurs,  and  the  response 
to  antibiotics  which  are  highly  active  in  vitro  has  not  been  extremely  effective. 
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23.  (U)  Burns  of  serious  extent  continue  to  be  extremely  prone  to  colonization  by 
Pseudomonas  aeruginosa,  and  Pseudomonas  sepsis  and  systemic  involvement  is  still  a 
major”threat  to  survival  in  severely  burned  soldiers.  Sensitivity  to  a major  topical 
therapeutic  agent  is  a vital  part  of  controlling  this  lethal  burn  pathogen. 


24.  (U)  Sensitivity  to  Sulfamylon  is  conducted  by  an  agar  dilution  MIC  technic. 
Correlation  with  phage  type  and  epidemic  patterns  is  carried  out. 

25.  (U)  74  07  - 75  06  Sulfamylon  sensitivity  has  varied  around  a median  range, 

rather  than  progressing  to  a more  resistant  range.  What  has  occurred  is  the 
appearance  of  relatively  resistant  epidemics;  these  clusters  of  resistant  strains 
distinguished  by  phage  type,  can  embody  treatment  resistant  strains  which  are  distinct 
from  the  whole,  population  of  pseudomonads.  Delineating  these  epidemic  episodes  may 
offer  a beginning  toward  more  effective  control  of  Pseudomonas. 
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,.  Four  hundred  thirty-seven  strains  of  Pseudomonas, ae  rugi nosa  from 

‘ . burn  patients  were  tested  for  sensitivity  to  Sul  fa  my Ion  K'  ( maferTide  acetate) 

‘ by  a Minimum  Inhibitory  Concentration  (MIC)  technic.  The  strains  were 

i markedly  more  sensitive  than  a similar  collection  in  1973,  and  that,  in  turn, 

■ had  extended  from  a period  of  relatively  high  resistance  which  occurred  in  1972. 

The  median  sensitivity,  0.111%  in  1972,  fell  to  0.086%  in  1974.  Resistant  strains 
were  concentrated  in  a new  group  of  phage  types,  N7-3  and  NT- 16;  there 
were  59  strains  requiring  0.625%  for  inhibition.  Strains  reactive  with  dilute 
phages  were  all  sensitive  to  mafenide  acetate;  strains  lysing  only  with  con- 
centrated phage  included  the  resistant  types.  Moderately  resistant  strains 
have  not  constituted  a therapeutic  or  prophylactic  problem,  but  the  increase 
in  Pseudomonas  incidence  accompanying  use  of  topical  si Iver-sulfadiazene 
-f  increases  the  likelihood  of  this  event  occurring.  Monitoring  of  types  and 

sensitivities  is  the  only  available  means  for  detecting  such  episodes. 


Pseudomonas 

Burns 

Sulfamy  Ion' 
Topical  therapy 
Humans 
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SENSITIVITY  OF  PSEUDOMONAS  AERUGINOSA  RECOVERED 
FROM  BURNED  SOLDIERS  TO  SULFAMYLON  lK) 


Thu  monitoring  of  sensitivity  of  Pseudomonas  aeruginosa  strains  to 
Sulfamylon  ’ (mafenide  acetate)  has  been  continued  during  1974,  with  the 
added  interest  that  was  imparted  by  the  introduction  of  si Iver-sulfadiazene 
as  a topical  agent  in  burn  management.  Mafenide  acetate  was  still  used  on 
selected  patients  as  the  10 ",  burn  cream  and  5'.;.  mafenide  acetate  soaks  were 
also  used  extensively,  to  expose  the  burn  wound  flora  to  an  environment 
containing  considerable  mafenide  acetate.  The  use  of  sil/er  sulfadiazene  might 
also  be  expected  to  alter  the  rate  of  emergence  of  strains  resistant  to  mafenide 
acetate  or  even  to  enhance  the  reappaerance  of  a more  susceptible  population  of 
pseudomonads,  but  knowledge  of  the  influence  of  such  environments  on  the 
persistence  of  pseudomonads  of  heightened  drug  resistance  is  virtually  non- 
existent. Hence  this  scrutiny  of  the  major  part  ot  the  Pseudomonas  population 
is  very  much  indicated,  in  order  to  obtain  precise  information  on  the  role 
of  in  vitro  drug  resistance  on  persistence,  virulence  and  pathogenicity  of 
invading  strains  of  Ps  . aeruginosa.  Pseudomonas  sepsis  has,  in  1974,  re- 
mained one  of  the  major  causes  of  death  in  fatally  burned  patients,  and  the 
control  of  this  burn  pathogen  remains  an  urgent  facet  of  burn  therapy. 

The  technics  of  assessing  mafenide  acetate  sensitivity  have  been  des- 
cribed in  previous  reports  (1).  The  procedure  using  dilutions  of  mafenide 
acetate  in  agar,  with  seeding  of  36  strains  per  plate;  inhibitory  end  point  is 
the  absence  of  visible  growth  at  18-20  hours. 

Sensitivity  of  Pseudomonas  aeruginosa  to  mafenide  acetate 

There  were  437  strains  of  Ps  aeruginosa  tested  in  1974,  a marked  in- 
crease from  the  285  strains  assessed  in  1973.  The  increase  directly  reflects  the 
rise  in  incidence  of  pseudomonads  on  patients  in  1974.  The  results  of  sensi- 
tivity tests  for  these  strains  are  set  down  in  Table  1,  with  sensitivity  cf 
strains  annually  since  1970  shown  for  comparison.  There  were  more  strains 
inhibited  by  0. 156V,  or  less  than  had  been  the  case  in  the  1973  collection.  It 
was  necessary  to  return  to  1970  before  finding  a collection  more  sensitive  than 
that  recorded  in  1974.  The  change  in  sensitivity  of  P£  aerugi nosa , on  an 
annual  basis,  is  manifest  in  an  uneven  clustering  of  resistant  strains.  Such 
resistance  reached  a high  point  in  1972,  when  38%  of  all  strains  were  inhibited 
by  0.156%  or  less.  45-  of  the  strains  were  clustered  at  0.625%.  Such  a 
disporportion  has  not  again  been  seen 

Cumulative  sensitivity  constitutes  a more  coherent  picture  of  the 
inhibitory  action  of  Ps  aeruginosa.  Table  2 presents  this  information  for  the 


1.  Lindberg  RB  , Calvert  J , BrameRE,  Dent  R:  Sensi tivity  of  burn  wound 
flora  to  Sulfamylon.  USA  Surg  Research  Unit,  Annual  Rpt  FY  1965,  BAMC, 

Fort  Sam  Houston,  Texas,  Section  15. 
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Table  2.  Cumulative  Sensitivity  to  Sulfamylon' 
of  Pseudomonas  Aeruginosa  1967-  1974 


Year 

No. of 
Strains 

Concentration*  and 

% of  Strains  Inhibited 

1.25 

0.625 

0.312 

0.  156 

0.078 

0.039 

0.019 

1967 

471 

100 

96.8 

87.6 

81.7 

61.3 

46.4 

15.6 

1968 

294 

100 

100 

95.1 

60.4 

45.8 

14.1 

1.7 

1969 

385 

100 

100 

96.5 

50.0 

26.9 

7.7 

0.5 

1970 

296 

100 

100 

100 

78.0 

49.9 

21.9 

2.0 

1971 

280 

100 

100 

82.9 

68.3 

48.3 

27.9 

4.7 

1972 

463 

100 

93.7 

48.0 

38.0 

19.0 

12.3 

4.3 

1973 

285 

100 

98.  1 

81.3 

57.0 

33.5 

16.1 

3.2 

1974 

437 

100 

99.0 

85.5 

67.5 

45.3 

23.1 

3.4 

* Concentration  in  grams  of  drug/ 100  ml  of  medium. 


period  from  1967  through  1974.  A more  comprehensive  picture  of  the  mean 
level  of  sensitivity  and  of  the  range  of  variation  that  may  occur  is  achieved 
by  the  longer  observation  period.  At  0.625%  sensitivity  was  complete  or 
virtually  so,  except  in  1972  when  the  least  sensitive  series  ever  observed  was 
collected.  The  proportion  of  strains  inhibited  by  0.312%  of  mafenide  acetate 
represents  an  upper  limit  of  sensitivity;  until  1971,  almost  all  strains  were 
inhibited  at  that  level.  In  1971,  this  proportion  fell  to  82.9%,  and  in  1972, when 
mafenide  acetate- resistant  strains  were  at  a maximum,  only  48%  of  strains  were 
inhibited  by  0.312%.  Sensitivity  has  increased  since  that  time,  and  in  1974, 

85. 5%  of  isolates  were  inhibited  by  0 . 312%.  The  proportion  inhibited  at  still 
lower  concentrations  has  fluctuated  more  widely;  at  0.156%,  the  per  cent 
inhibited  dropped  to  a low  38%  in  1972,  then  rose  again  to  67.5%  in  1974. 

These  variations  are  visualized  in  a graphic  summary  shown  in  Figure 
1.  During  1970  and  1971  sensitivity  levels  were  virtually  identical  through 
the  major  part  of  the  sensitivity  range,  i .e.  .between  0. 039%  and  0 . 312%.  As 
was  indicated  in  the  tabulation  of  sensitivity,  the  1972  curve  shifted  farther 
to  the  right,  to  the  resistant  range,  than  had  any  other  annual  collection  of 
strains.  In  1973,  sensitive  strains  reappeared  in  numbers  which  moved  the 
sensitivity  curve  back  toward  its  typical  range,  and  in  1974,  the  sensitivity 
curve  coincided  with  the  1970  and  1971  pattern.  It  is  not  feasible  to  incorporate 
more  years  in  this  type  of  graph,  but  the  1969  curve  fell  very  close  to  the  1973 
curve;  fluctuation  of  sensitivity  from  year  to  year  seems  to  be  the  most  rational 
explanation  for  this  sequence  of  events,  rather  than  a steady  increase  in  the 
number  of  resistant  strains. 

A median  level  of  sensitivity,  or  the  value  at  which  one-half  are  greater 
than,  and  the  other  less  than  the  calculated  value,  has  been  determined  for 
each  annual  group.  These  values  are  shown  in  Table  3.  As  was  shown  in 
the  cumulative  sensitivity  data,  the  1974  strains  continued  a shift  to  greater 
sensitivity  to  mafenide  acetate  after  a period  , two  years  ago,  of  markedly 
reduced  sensitivity.  The  drop  in  median  sensitivity  continued  a trend  recognized 
in  1973. 

Variation  in  sensitivity  occurs  in  Ps^  aeruginosa  in  specific  strains  . 
Correlation  between  virulence  and  specific  type  has  been  sought  unsuccessfully 
but  the  search  has  been  continued,  since  establishing  such  correlation  could 
be  of  great  value  in  more  rational  control  of  sepsis.  It  would  permit  strenuous 
therapeutic  effort  in  case  of  specific  type  colonization,  but  without  correlation  of 
virulence  and  type,  diagnostic  demonstration  of  Ps  aeruginosa  still  does  not 
warn  of  serious  invasive  potential  associated  with  type  identity.  In  type 
identification,  a large  number  of  strains  nontypable  by  standard  phage  typing 
dilution  technic  have  been  effectively  categorized  using  undiluted  phage.  A 
group  of  these  "NT"  types,  i.e.,  strains  typable  only  with  undi luted  phage 
in  this  system,  have  been  tested  for  sensitivity.  The  sensitivity  results  are 
shown  in  Table  4.  The  identity  patterns  are  designated  by  the  prefix  NT,  with 
the  number  connoting  a specific  pattern. 

Type  NT-3  had  a uniquely  large  number  of  resistant  strains  that  required 
0.625%  mafenide  acetate  inhibition.  This  was  the  largest  group  of  patients  with 


Table  4.  Sensitivity  of  Nontypable  Croups  of  Pseudomonas  Aeruginosa 


a specific  strain,  and  the  largest  number  of  strains.  Another  strain,  NT-16, 
also  had  a similar  proportion  of  strains  requiring  0. 625%  or  0.  312%  for  inhibition. 

In  contrast,  NT-4,  NT-5  and  NT-18  had  the  major  part  of  the  total  of 
J3  patients'  strains  inhibited  by  0.156%.  NT-17  was  even  more  sensitive; 
most  of  these  strains  were  inhibited  by  0.078%. 

The  overall  pattern  of  sensitivity  in  these  NT  strains  was  that  of  a 
population  markedly  different  from  the  total  Pseudomonas  population  in 
sensitivity.  Cumulative  sensitivity  percentages  show  this  contrast. 

Concentration  and  % of  Strains  Inhibited 
0.625  0.312  0.156  0.078  0.039  0.019 


NT  strains 

99.2 

78.  1 

53.5 

26.7 

10.  1 

0.7 

All  strains  (1974) 

99.0 

85.5 

67.5 

45.3 

23.  1 

3.  4 

Since  the  NT  strains  were  65%  of  all  those  tested,  the  difference  in 
sensitivity  in  the  0.039%  to  0. 312%  range  is  significant.  The  discrepancy 
would  be  far  greater  if  all  routinely  typable  strains  were  compared. 

The  sensitivity  of  typable  strains  (i.e.,  reactive  at  routine  test  dilutions) 
was  markedly  higher  than  the  NT  strains.  The  behavior  of  5 typable  groups  is 
shown  in  Table  5 . The  median  sensitivity  was  between  0. 039%  and  0 . 078%. 

It  is  quite  evident  that  the  in  vitro  resistance  was  markedly  greater  in  the 
NT  strains  than  with  the  typable  strains. 

The  numerically  predominant  strains  in  1974  were  NT-strains,  and 
specific  types  of  these  were  numerous  and  also  relatively  resistant  to  mafenide 
acetate.  The  proportion  of  typable  strains  sensitive  to  mafenide  acetate  was 
markedly  higher  than  that  of  the  nontypable  strains  . 

The  total  population  of  Ps  aeruginosa  was  more  sensitive  to  mafenide 
acetate  than  the  NT-group  of  strains.  This  difference  is  explained  by  the 
sensitivity  of  those  strains  typable  at  high  dilution  with  phage;  these  more 
sensitive  strains  in  the  total  sensitivity  value  lowered  the  median  inhibitory 
level . 

The  nontypable  strains  observed  in  1973  were  more  sensitive  to  mafenide 
acetate  than  the  1974  strains.  A strain-linked  resistance  to  mafenide  acetate 
was  demonstrable  in  the  1974  isolates;  such  a pattern  had  not  previously 
been  discerned. 
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Sepsis  was  the  major  cause  of  morbidity  and  death  in  burn  patients  in  1974, 
as  it  has  been  for  at  least  the  last  5 years.  The  incidence  of  principal  patho- 
genic species  resembled  that  of  an  epidemic,  with  high  rates  of  explosive  inci- 
dence interspersed  with  periods  of  reduced  incidence.  Species  which  had 
earlier  been  recognized  as  major  contributors  to  wound  infection  and  sepsis 
included  Staphylococcus  aureus , Pseudomonas  aeruginosa  and  Providencia 
stuarti i . However,  species  which  had  been  relatively  inocuous  until  last  year 
continued  to  infect  patients  to  an  unprecedented  extent:  these  included  Kleb- 
siella pneumoniae  and  Escherichia  coli . A new  pathogenic  species  was  Entero- 
bacter  cloacae;  it  had  not  previously  played  a large  role  in  burn  infections , but 
it  appeared  abruptly  in  early  1974  and  was  prominent  among  the  burn  wound  flora 
and  in  blood  stream  infections.  Cross-resistance  to  most  antibiotics  was  conspic- 
uous among  coliforms  and  pseudomonads;  this  attribute  has  increased  in  1975. 

The  altered  flora  accompanied  extensive  use  of  si  Iver-sulfadiazene  . As  with 
any  topical  therapeutic  agent,  such  alteration  inevitably  results  in  changes  in 
the  bacterial  flora  of  the  burn  wound. 


Burns 

Staph  aureus 
Enterobacter  cloacae 
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PATHOGENESIS  OF  BURN  WOUND  INFECTION: 

BACTERIAL  FLORA  OF  WOUNDS  OF  MILITARY  PERSONNEL 

RECEIVING  TREATMENT  WITH  SULFAMYLON  OR  SI LVER-SULFADI AZENE 

The  bizarre  but  lethal  problem  of  a continued  high  level  of  wound  infection 
and  sepsis  occurring  in  patients  who  were  treated  with  topical  prophylactic 
agents  of  proven  value  has  continued  during  1974.  The  armamentarium  of 
effective  broad  spectrum  antibiotics  has  increased,  but  still  wound  infection 
and  pulmonary  involvement  are  frequent,  and  proceed  despite  prophylactic 
therapy.  Control  of  infection  in  the  severely  burned  patient  remains  an  in- 
completely solved  problem.  Classical  burn  wound  sepsis,  essentially  a pri- 
mary invasive  disease  of  the  burn  wound  due  to  Pseudomonas  aeruginosa,  was 
seldom  seen  during  this  reporting  period,  but  extensive  bacterial  invasion  and 
proliferation  in  tissues  of  severely  burned  patients,  occurring  3 or  more  weeks 
postburn,  has  been  a frequent  occurrence.  Protection  of  patients  from  this 
lethal  complication  has  prompted  the  extensive  use  of  5%  Sulfamylon  solution, 
applied  to  the  burn  wound  in  the  form  of  soaks  (1)  . A further  modification  of 
treatment  regimens  practiced  in  recent  years  has  been  the  use  of  silver-sulfa- 
diazene  burn  cream  on  burned  patients.  This  medication  was  used  on  alternate 
burns  for  the  first  half  of  1974,  and  has  since  been  used  on  most  incoming 
patients  as  the  topical  antibacterial  agent  (2)  . Since  Sulfamylon  burn  cream 
has  been  used  on  some  patients,  and  0.5%  Sulfamylon  soaks  are  used  on  many, 
an  environment  in  which  bacterial  flora  exists  in  contact  with  both  of  these 
agents  now  is  present.  The  changes  that  have  occurred  in  burn  wound  flora 
may  reflect  this  altered  chemotherapeutic  environment.  This  possibility  is  of 
especial  interest  in  the  appearance  of  what  is  in  essence  a new  burn  pathogen, 
Enterobacter  cloacae.  This  organism  had  been  recovered,  in  previous  years, 
from  various  sites  on  burned  patients,  but  not  to  the  extent  that  it  emerged  in 
1974.  Enterobacter  cloacae  presented  virutally  a new  epidemic  situation  in  burn 
patients  in  1974. 

ANTEMORTEM  BACTERIOLOGY  IN  BURN  PATIENTS 

Total  cultures . A summary  of  the  bacterial  flora  recovered  in  clinical 
specimens  from  burn  patients  in  1974  is  shown  in  Table  1.  Candida  sp  are 
also  included  in  this  resume.  The  number  of  specimens  collected  reflects 
the  severity  of  the  problems  in  infection  presented  by  the  patient  in  relation  to 
sites  of  involvement.  Blood  cultures  were  the  largest  single  source  of  samples; 
this  reflects  the  major  preoccupation  with  sepsis  that  dominated  the  clinical 
atmosphere  of  the  burn  wards  . Sputum  cultures  provided  the  largest  number 
of  isolates.  Surface  wound  cultures  and  biopsies  made  up  the  major  part  of  the 
remaining  samples.  Total  isolates  of  species  furnish  an  overall  indication  of  the 
principal  infectious  agents  present  in  the  burn  patients  during  the  past  year. 


1 . Erickson  DR,  Hunt  JL,  Pruitt  BA,  Jr:  Five  percent  aqueous  Sulfamylon 
soaks  used  in  topical  treatment  of  burned  sobers . USA  Inst  Surg  Res  Ann  Res 
Prog  Rpt  FY  1973,  BAMC,  Ft  Sam  Houston, Texas . Section  14. 

2.  Fox  CL:  Si Iver-sulfadiazene:  A new  topical  therapy  for  Pseudomonas  in 
burns.  Arch  Surg  96:  184,  1968. 
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Table  1 

AoU’fTior t«-m  fiat  It- 

r joliKjy 

of  burn 

l\ilit*o!*» 

l :u 

ORGANI  SM 

Wound 

SOURCE 
8 lood 

AND  NUMBER  Of 
LuRens  Urine 

ISOLATES 
1 . V . 

f oley 

B i opsy 

Total 

Staph  aureus 

Surf ace 
339 

2 36 

Sputum 

23S 

18 

Ca  th 
61 

Cath 

17 

1S4 

Isolates 

1060 

epi  dermi  d»  s 

31 

1 1 

40 

19 

10 

16 

8 

l 35 

Alpha  hemol-strep. 

23 

>3 

207 

3 

2 

22 

1 1 

281 

Beta  hemol-strep. 

1 

0 

1 1 

0 

0 

1 

3 

16 

Gp.  A strep. 

IG 

0 

S 

0 

1 

0 

0 

16 

Non  hemol-strep. 

30 

10 

124 

21 

8 

19 

36 

248 

Corynebac ter i um  sp. 

1 1 

0 

<, 

0 

0 

0 

6 

22 

Bac i 1 lus  sp . 

10 

2 

8 

3 

3 

0 

34 

60 

Pseudomonas  sp. 

185 

56 

428 

46 

22 

28 

SS 

820 

Mi  rna  -Here  Ilea  qp . 

7 

0 

20 

2 

2 

0 

1 

32 

Aeromonas  sp. 

1 

0 

0 

0 

0 

0 

0 

1 

K . pneunon  i ae 

113 

74 

369 

66 

34 

41 

36 

733 

Ent.  aeroqenes 

IS 

3 

38 

3 

0 

2 

8 

69 

c 1 oacae 

122 

100 

90 

70 

so 

49 

177 

676 

hafnia 

0 

0 

1 

0 

0 

0 

0 

1 

Serratia  marcescens 

18 

16 

49 

4 

8 

3 

7 

105 

E.  col » 

07 

27 

166 

S4 

23 

47 

S4 

468 

C i t robac ter 

S 

0 

1 

0 

0 

1 

0 

7 

Prot . mi rab i 1 i s 

70 

20 

102 

36 

s 

IS 

28 

?76 

mnr qan i i 

0 

0 

1 

1 

0 

2 

0 

4 

Prov . s tuar t i i 

SB 

26 

S7 

43 

S6 

44 

92 

376 

Ne>sser<a  sp. 

7 

0 

19 

0 

0 

1 

0 

27 

Candida  sp. 

60 

6 

26 

60 

24 

19 

61 

2 56 

No.  of  Pat ie  Is 

cu 1 1 uf ed 

143 

173 

98 

129 

176 

130 

1 3S 

No.  of  speci’«  s 

729 

4654 

888 

ui*3 

S50 

187 

S8S 

Total  isolates 
Total  spec  i mr>s 
r ec i ved 

8036 

5689 

j 

I 


! 22 


V 

f. 


Staphy lococc us  .lurt-ub,  Providencia  stuartii,  Pseudomonas  aeruginosa,  Kleb- 
sn.  il. \ pneumoniae  and  Escherichia  coli  were,  in  that  order,  predominant  gram 
negative  species  recovered  in  years  prior  to  1974  and  in  1973  they  comprised 
66.2  ot  all  bacterial  isolates  from  clinical  specimens.  In  1974,  they  made  up 
(>().(>„  of  all  isolates,  but  a species  previously  of  minor  significance  suddenly 
became  a conspicuous  part  of  the  opportunistic  invasive  flora  of  the  burn  wound. 
This  was  Enterobacter  cloacae,  isolates  of  which  totalled  11.8%  of  all  strains 
recovered.  Changes  in  species  distribution  are  shown  in  Table  2. 


Table  2.  Predominant  Species  Among  Isolates 
from  Clinical  Specimens,  1970-1974 


Species 

of  All 

Isolates  From  Clinical  Specimens 

1970 

1971 

1972 

1973 

1974 

Staph  aureus 

12.0 

15.0 

13.8 

19.6 

18.6 

Ps  aeruginosa 

13.6 

12.4 

13.2 

10.4 

14.4 

K pneumonia 

11.5 

9.7 

11.5 

10.1 

12.8 

E coli 

6.4 

11.0 

6.  1 

10.4 

8.2 

Prov  stuartii 

21.0 

15.2 

23.1 

15.7 

6.6 

Enterobacter 

cloacae 

not 

differentiated 

2.0 

3.8 

4.  3 

11.8 

% of  all  isolates 

65.1 

63.3 

67.7 

66.2 

72.4 

No.  of  isolates 

3293 

3179 

6696 

5672 

5689 

The  incidence  of  Staph  aureus  rose  in  1973  over  that  seen  in  previous  years, 
and  it  remained  higher  in  1974.  E coli  and  Klebsiella  pneumoniae  each  remained 
in  the  relative  incidence  area  that  had  been  observed  over  the  past  5 years. There 
was  an  increase  in  Ps  aeruginosa  in  1974,  although  this  species  has  fluctuated 
in  incidence  in  successive  years.  Providencia  stuartii,  which  had  been  a pre- 
dominant species  over  the  past  several  years,  dropped  to  an  incidence  lower 
by  far  than  any  seen  in  the  past  5 years  (3)  . Its  peak  incidence  in  1972  showed 
it  as  the  most  frequently  occurring  species  ever  recorded  in  the  Institute  of 
Surgical  Research,  but  since  1973,  it  has  now  become  the  least  common  of  the 
6 most  common  species.  Its  role  as  an  opportunistic  invader  remained  important 
out  of  proportion  to  its  overall  frequency  of  occurrence. 


3.  Lindberg  RB,  Mason  AD,  Jr,  Pruitt  BA,  Jr:  Providencia  stuartii  as  a 
major  factor  in  burn  wound  infections.  (Abstract).  Am  Soc.  Microbiol.  1973:  130. 
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The  new  species  of  numerical  importance  in  the  total  burn  flora  was  one 
not  previously  implicated  as  a significant  part  of  the  burn  flora.  Enterobacte r 
cloacae  had  always  been  present  in  a small  part  of  burn  wounds, sputum,  and 
urine,  but  in  1974  this  small  role  was  suddenly  greatly  enlarged.  It  was  the 
fourth  most  commonly  encountered  organism  in  terms  of  total  culture  incidence. 
Enterobacter  cloacae  was  not  merely  a very  common  contaminant,  but  instead, 
was  frequently  recovered  from  sites  which  indicated  that  it  played  a primary 
role  in  the  septic  state. 

The  total  of  strains  recovered  does  not,  of  course,  of  necessity  indicate  how 
frequently  patients  were  involved  with  a given  species.  There  were  245  patients 
out  of  284  admissions  on  whom  at  least  one  culture  was  taken.  The  sites  culiured 
and  the  incidence  of  patients  positive  for  a given  site  are  summarized  in  Table 
3.  The  largest  group  of  patients  on  whom  a given  sample  was  examined  were 
those  in  whom  i.v.  catheter  tips  were  cultured.  Almost  as  large  was  the  group 
on  whom  blood  cultures  were  taken.  Surprisingly , the  smallest  category  of 
patients  sampled  were  those  on  whom  sputa  were  examined.  The  major  species 
in  terms  of  patients  harboring  a given  organism  were  Staph  aureus,  Enterobacter 
cloacae.  Pi  ov  stuartii , Ps  aeruginosa  and  E coli , in  that  order . 

BACTERIOLOGY  OF  THE  BURN  WOUND 

The  contribution  of  burn  wound  infection  to  the  development  of  sepsis  in  a 
severely  burned  patient  has  never  been  clearly  delineated.  It  is  plausible  to 
assume  that  a heavily  colonized  wound  offers  the  bacteria  access  to  the  blood 
stream,  but  only  in  the  case  of  Pseudomonas  burn  wound  sepsis  has  this  sequence 
been  established  by  study  of  experimental  models.  Control  of  invasive  infec- 
tion is  the  primary  objective  of  topical  antimicrobial  therapy,  but  the  exclusion 
of  organisms  other  than  Pseudomonas  has  been  difficult  at  best.  During  the 
latter  half  of  1974,  silver  sulfadiazene  was  used  as  the  primary  topical  agent  on 
burn  surfaces.  Sulfamylon  burn  cream  was  also  in  use,  at  a reduced  level,  and 
the  extensive  use  of  5%  Sulfamylon  soaks  was  a major  component  of  antibacterial 
surface  treatment.  The  relative  distribution  of  principal  species  on  the  burn 
wound  was  based  on  culture  results  on  245  out  of  the  284  patients  admitted  in 
1974.  The  remaining  39  patients  had  either  no  cultures  taken  at  all,  or  had  one 
or  two  negative  cultures  taken  at  the  time  of  admission  to  the  burn  ward.  Seven 
patients  who  had  no  cultures  taken  had  very  large,  lethal  burns,  with  an  aver- 
age area  of  89. 3%  of  body  surface.  Twenty-eight  patients  with  small  burns  had 
an  average  burn  area  of  12.4%,  and  these  patients  exhibited  an  uneventful  re- 
covery that  called  for  no  bacteriologic  procedures.  Bacterial  species  recovered 
from  wound  surface  or  biopsy,  and  the  number  of  patients  colonized  are  summar- 
ized in  Table  4. 

Staph  aureus  was  found  on  more  patients  than  any  other  species.  Even  so, 
more  than  one-fourth  of  patients  cultured  did  not  acquire  this  species.  The  pre- 
dominan  type  was  type  84,  as  it  had  been  in  1973  (4)  . The  strains  were 


4.  Lindberg  RB,  Latta  RL,  Pruitt  BA, Jr, Mason  AD,  Jr:  Emergence  of  methi- 
clllin- resistant  Staphylococcus  aureus  type  84  in  burn  patients.  USA  Inst  Surg 
Res  Ann  Prog  Rpt  FY  1974,  BAMC,  Ft  Sam  Houston,  Texas.  Section  7. 
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Table  i Antemortem  Horn  Patient*  c ultu.ed.  1**74 


SOURCE 

ANO  NU>«EB  OF  PAT1 ENTS, 

POSITIVE 

ON  CULTURE  _ 

ORGAN! SM 

Wound 

B lood 

Lukens 

Urine 

1 .V. 

foley 

Biops 

Surface 

Sputum 

Cath 

Cath 

Staph  aureus 

3 

40 

58 

16 

46 

16 

68 

cpt dermi d • % 

75 

1 1 

29 

IS 

8 

16 

16 

Alpha  henoNjtrep. 

18 

10 

58 

3 

? 

19 

1 

6 

Beta  hero  1 : rep . 

1 

0 

7 

0 

0 

2 

Gp.  A strep. 

9 

0 

2 

0 

1 

0 

0 

Non  hero  1 -strep. 

20 

8 

40 

14 

6 

15 

2 3 

Cor ynebac ter i um  $p. 

6 

0 

3 

0 

0 

0 

4 

Bacillus  sp . 

8 

2 

4 

3 

3 

0 

17 

Pseudomonas  sp . 

56 

26 

62 

23 

18 

20 

31 

1 

Mi ma -Her e 1 1 ea  gp . 

7 

0 

6 

l 

2 

0 

Aeromonas  Sp. 

1 

0 

0 

0 

3 

0 

'J 

K.  pneumoniae 

44 

?6 

67 

36 

2 3 

2 f 

1 - 

Ent.  aerogenes 

6 

3 

12 

3 

0 

6 

c loacae 

so 

35 

35 

42 

36 

41 

6'» 

0 

haf  n i a 

0 

0 

1 

0 

0 

0 

Serratia  marcescens 

8 

8 

12 

3 

s 

2 

6 

E.  coli 

48 

10 

33 

30 

17 

38 

28 

C i t robac  ter  sp . 

3 

0 

1 

0 

0 

1 

0 

P rot . mi rab i 1 i s 

28 

9 

21 

ia 

s 

12 

13 

morqjtn  i i 

0 

0 

1 

i 

0 

2 

0 

Prov.  Stuart i i 

68 

26 

67 

27 

29 

*0 

44 

Neisseria  sp. 

7 

0 

7 

0 

0 

1 

0 

Candida  sp. 

33 

4 

18 

19 

13 

16 

28 

Total  patients 

>63 

173 

98 

>29 

176 

1 10 

1 16 

Sampled 
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Table  4.  Burn  Wound  Surface  Flora  in 
245  Patients,  ISR,  1974 


Species 

No.  of  Strains 
Recovered 

No . of  Patients 
Positive  on 
Bum  Surface 

% of  Cultured 
Patients 
Positive 

Staph  aureus 

493 

179 

73.0 

Staph  epidermidis 

49 

40 

16.3 

Strep,  non-hemolytic* 

66 

43 

17.5 

Klebsiella  pneumoniae 

149 

63 

25.7 

Enterobacter  cloacae 

299 

109 

44.4 

E coli 

151 

76 

31.0 

Proteus  mirabilis 

98 

41 

16.7 

Providencia  stuartii 

263 

102 

41.6 

Pseudomonas  aeruginosa 

240 

87 

35.5 

* These  strains  primarily  group  D. 


I 


1 


relatively  sensitive  tc  the  major  categories  of  antibiotics  including  the  methi- 
cillin  group  of  semi-synthetic  penicillins.  Nevertheless,  prolonged  septi- 
cemia occurred  in  some  patients  with  strains  sensitive  iri  vitro  to  penicillin 
C.  Seven ty-three  per  cent  of  patients  who  were  cultured  harbored  Staph 
aureus  on  the  burn  wound.  This  was  a smaller  incidence  than  occurred  in  1973. 

Staph  epidermidis  was  recovered  from  burn  wounds  of  16 . 3%  of  patients 
cultured.  This  is  a drop  from  20.4%  of  all  burn  patients  in  1973.  At  one  time, 
it  was  postulated  that  this  species  was  increasing  in  burn  wounds,  but  this 
trend  has  not  continued.  No  instances  of  wound  sepsis  due  to  Staph  epidermidis 
have  been  uncovered. 

Non-hemolytic  Streptococci  were  recovered  from  wounds  of  17 . 5%  of  patients 
cultured.  As  with  Staph  epidermidis,  it  was  for  a time  thought  that  a marked 
rise  in  non-hemolytic  streptococci  was  occurring  in  burn  wounds.  In  1973, 
29.4%  of  burn  wounds  had  harbored  such  streptococci.  However,  the  drop  in 
incidence  in  1974  suggests  that  this  peak  of  non-hemolytic  streptococci  may 
now  be  waning.  These  strains  were,  on  the  basis  of  cultural  characteristics, 
all  Lancefield  group  D. 

Klebsiella  pneumoniae  was  numerically  less  frequent  in  1974  than  in  the 
preceding  year;  one-fourth  of  the  burn  wounds  harbored  the  organism  in 
contrast  to  one- third  in  1973.  It  was  still  a major  part  of  the  wound  flora, but 
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was  overshadowed  by  the  rapid  rise  in  incidence  of  Enterobacter  cloacae. 


i 


Continued  observation  on  group  A streptococci  has  been  maintained,  since 
this  potentially  dangerous  burn  wound  invader  can  best  be  controlled  with  the 
penicillin  group  of  antibiotics  if  its  presence  is  detected  promptly.  The  organism 
has  varied  between  being  rare  in  some  years  to  relatively  numerous  in  others 
After  several  years  in  which  the  species  was  a rarity,  an  upsurge  of  positive 
cultures  occurred  in  1972,  followed  in  1973  by  its  virtual  disappearance  (Table 
5) . In  1974,  30  strains  of  Streptococcus  pyogenes  Lancefield  A were  recovered 
primarily  from  wound  surfaces  and  pulmonary  secretions.  No  overt  infection 
problems  were  seen,  although  wound  infections  at  the  time  of  autografting  are 
a particularly  hazardous  potential.  Fluctuations  such  as  those  seen  in  the  past 
3 years  make  monitoring  of  this  pathogen  of  great  importance. 


Table  5.  Incidence  of  Group  A Streptococci  on 
Burn  Wounds 


; Year 

No.  of  Strains  of  Croup  A 
Streptococci  Recoverd 

1969 

8 

i.  1970 

1 j 

2 

1971 

1 

1972 

56 

1973 

3 

1974 

30 

RESPIRATORY  TRACT  BACTERIAL  FLORA  IN  BURNS 


f Pulmonary  complications  are  a major  problem  in  treating  burn  patients, 

: even  in  the  absence  of  inhalation  injury.  No  specific  etiologic  agent  has 

emerged  as  the  primary  cause  of  such  pneumonia,  and  as  in  other  infected 
sites,  the  burn  patient's  lung  is  most  often  invaded  by  the  same  group  of 
organisms  that  invade  the  wound  in  opportunistic  fashion.  The  number  of 
sputum  samples  cultured  , 888  for  1974, is  the  highest  annual  total  for  the 
Institute  of  Surgical  Research.  This  need  not  reflect  an  increased  incidence  of 
repiratory  tract  problems,  but  it  does  reflect  the  extent  of  concern  and  interest 
in  this  problem.  Ninety-eight  patients  had  sputum  cultures,  for  a ratio  of  over 
9 samples  per  patient.  In  the  previous  year,  1973,  130  patients  had  contributed 
846  cultures  for  an  average  of  5.5  samples  per  patient;  the  intensity  of  scrutiny 
had  almost  doubled.  This  trend  of  increased  concern  with  pulmonary  microbial 
flora  has  been  apparent  since  1972. 

Results  of  sputum  cultures  for  major  species  recovered  are  summarized  in 
Table  6.  The  proportion  of  patients  from  whom  principal  pathogens  were 
recovered  is  shown  for  the  past  4 years;  the  proportion  of  cultures  positive  for 
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a given  species  may  be  indicative  of  its  importance  in  pathogenesis  of  pulmon- 
ary disease  in  burned  patients. 


1 Table  6.  Principal  Species  of  Bacteria  Recovered 
l|  from  Respiratory  Tract  of  Burned  Patients,  1971-1974 


Species 

% of  Patients  Exhibiting  Positive 

Sputum  on 

Culture 

1971 

1972 

1973 

1974 

Staph  aureus 

43.0 

38.5 

56.9 

59.2 

Klebsiella  pneumoniae 

45.0 

58.8 

60.0 

68.4 

Enterobacter  cloacae 

11  .0 

27.0 

23.8 

35.7 

E coli 

27.2 

40.9 

53.8 

33.7 

Proteus  mirabilis 

- 

19.0 

10.8 

21 .4 

Providencia  stuartii 

33.0 

56.5 

40.8 

59.2 

Ps  aeruginosa 

39.0 

38.5 

36.2 

63.3 

Patients  cultured 

94 

122 

130 

98 

Staph  aureus  increased  in  incidence  significantly  in  1973  and  the  proportion 
[j  of  positive  cultures  rose  to  almost  60%  of  patients  in  1974.  Staphylococci  have 

continued  to  represent  a major  cause  of  pneumonia. 

Klebsiella  pneumoniae  has  steadily  increased  in  incidence  in  sputum  cultures , 
and  was  the  predominant  organism  in  sputum.  Whether  this  incidence  connotes 
an  actual  pathogenic  role  is  not  clear;  using  the  criterion  of  predomoinant  or- 
ganism in  lung  tissue  at  autopsy,  there  were  13  out  of  57  autopsies  in  which  the 
predominant  organism  was  Klebsiella;  in  14  it  was  Ps  aeruginosa  and  in  19, 

■ Providencia  stuartii . Thus,  although  more  patients  harbored  Klebsei lla 

’ pneumoniae  in  sputum  than  any  other  bacterial  species,  the  postmortem  data 

; | suggest  it  was  not  the  principal  offender  in  clinical  pneumonia.  ’ 

i Pseudomonas  aeruginosa  had  remained  relatively  constant  in  its  incidence 

in  sputum  cultures  for  the  past  3 years,  but  in  1974  a sharp  rise  in  its  incidence 
from  36 . 2%  to  63 . 3%  of  patients  with  positive  sputum  occurred.  The  rise  in 
Pseudomonas  incidence  has  been  one  of  the  unusual  features  of  the  bacteriologic 
changes  which  may  be  associated  with  a changed  treatment  regimen  during 
1974. 

Enterobacter  cloacae,  which  on  an  overall  basis  constituted  a major  micro- 
biologic feature  of  the  burn  ward  flora  in  1974,  increased  its  incidence  in  sputum 

from  23.8%  to  35.7%  of  the  patients  cultured.  This  is  a significant  but  not  dramatic  ' 

rise  in  incidence,  and  in  view  of  the  fact  that  only  lung  samples  from  57 

autopsies  showed  E cloacae  as  a predominant  organism,  it  is  probable  that  this  I 
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I species  was  not  a major  pathogen  in  pneumonia  in  burn  patients.  E coli . present 

'■  as  the  predominant  organism  in  7 out  of  57  autopsies,  was  actually  numeri- 

| ! cally  as  significant  as  E cloacae  by  th>s  criterion . Despite  the  marked  rise  in 

incidence  of  E cloacae  as  part  of  the  burn  flora,  it  showed  no  significant  pre- 
dilection for  the  lung. 

SEPTICEMIA  AND  BACTEREMIA  IN  BURN  PATIENTS 

Sepsis,  with  its  concommitant  blood  stream  invasion,  remains  the  prin- 
cipal cause  of  death  in  severe  burns.  The  microbial  flora  of  blood  cultures 
i offers  the  most  definitive  information  on  the  actual  cause  of  death  in  large 

■ burn  injuries,  although  there  remains  the  essential  problem  of  ultimate  cause: 

j the  positive  blood  culture  connotes  a grave  threat  to  survival,  but  most  such 

J positives  are  a terminal  event  rather  than  initial  cause  of  the  problem. 

j In  1974,  173  patients  were  sampled  at  least  once  by  blood  culture.  Ninety- 

! five  patients,  or  54.9%,  had  at  least  one  positive  blood  culture.  The  rate  of 

j positive  blood  cultures  in  relation  to  the  total  of  patients  sampled  has  been  re- 

I markably  consistent.  In  1972,  47%  of  those  cultured  were  posi tive,  in  1973, 

54.0%,  and  in  1974,  54.9%.  This  rate  of  bacteremia  is  at  a level  notably  higher 
than  prevailed  previous  to  1972.  The  rate  of  positives  was  30%  in  1971.  There 
: were  2327  sets  of  2-bottle  blood  culture  samples  collected  in  1974;  this  repre- 

sented 13.4  cultures  per  patient  sampled.  This  is  the  largest  sampling  that 
has  been  recorded  in  this  Institute. 

j.  Blood  cultures  from  173  patients  (of  whom  95  had  bacteria  recovered)  are 

! summarized  in  Table  7.  The  species  of  major  numerical  importance  are  under- 

i lined.  These  ranged  from  25  to  40  patients,  and  included  Staph  aureus,  Ps 

' aeruginosa,  Kleb  pneumoniae,  Entero  cloacae,  and  Prov  stuartii . A group"of 

significant  but  less  common  species  included  alpha  hemolytic  streptococci. 

Staph  epidermidis,  E coli , Prot  mi  rabilis  and  Serratia  marcessens  . These 
were  recovered  from  8 to  10  patients  each.  Survival  rates  associated  with  the 
predominant  species  were  far  from  encouraging;  the  recovery  of  Staph  aureus 
connoted  a survival  rate  of  only  42. 5%. Cram  negative  bacilli  in  blood  cultures 
reflected  mortality  rates  of  87.5%  to  100%  for  Entero  cloacae. 

f A more  informative  insight  into  the  pathologic  implications  of  a positive 

blood  culture  was  obtained  by  scrutinizing  the  outcome  of  patients  who  had 
only  one  species  recovered . Of  course,  such  injuries  were  less  extensive: 

40  patients  out  of  95  with  positive  blood  cultures  yielded  only  one  species  on 
culture.  The  situation  with  reference  to  the  group  of  patients  is  summarized 
in  Table  8.  The  largest  number  of  patients  in  this  group  harbored  Staph  aureus 
followed  by  those  with  Staph  epidermidis  and  Entero  cloacae.  Mortality  rate  in 
patients  with  Staph  aureus  was  28. 5%.  Staph  epidermidis  alone  was  associated 
with  no  deaths,  and  Entero  cloacae  alone  appeared  in  only  one  fatal  burn.  Kleb- 
siella pneumoniae  and  Prov  stuartii , each  recovered  as  sole  species  from  4 
patients,  were  associated  with  50%  mortality;  the  smallest  incidence  of  species, 

S marcessens,  Ps  aeruginosa  and  E coli  were  each  in  the  100%  mortality  category . 
The  average  burn  size  in  this  group  of  40  patients  was  49.5%.  The  mortality 
figures  for  these  single  strain  infections  are  in  general  markedly  lower  than 
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Table  8.  Bacteremia  with  Only  One  Species  of 
Bacteria  Recovered:  Burn  Patients,  1974 


Species 

No. Patients  with 
One  Species 
Recovered 

Ave . No . of 
Positive 
Blood  Cultures 
Per  Patient 

Deaths 

% Mortality  for 
One  Species 
Bacteremia 

Staph  aureus 

14 

4.6 

4 

28.5 

Staph  epidermidis 

7 

1.0 

0 

0 

Kleb . pneumoniae 

4 

3.0 

2 

50.0 

Entero  cloacae 

5 

1.2 

1 

20.0 

E coli 

1 

4.0 

1 

100.0 

S marcessens 

3 

2.0 

3 

100.0 

Prov  stuartii 

4 

1 .2 

2 

50.0 

Ps  aeruginosa 

2 

2.0 

2 

100.0 

Total 

40 

2.5 

15 

37.5 

when  2 or  more  organisms  have  invaded  the  patient. 

Blood  cultures  in  55  patients,  or  57.8%  of  all  patients  with  positive 
blood  cultures,  yielded  more  than  one  bacterial  species  in  successive  blood 
cultures,  or  in  some  instances,  in  a single  blood  culture.  The  mixed  cul- 
ture results  are  shown  in  Table  9.  The  combinations  were  very  hetero- 
geneous; the  most  frequent  combination,  Entero  cloacae  and  Kleb  pneumoniae, 
was  found  in  only  4 patients,  while  at  the  extreme  end  of  the  spectrum, 
there  were  8 patients  who  exhibited  6 different  species  in  blood  cultures 
altogether.  Multiple  blood  stream  invasion  is  a disturbing  phenomenon, 
since  it  suggests  the  complete  breakdown  of  defense  measures  which  keep 
bacteria  out  of  the  blood  stream  of  viable  patients.  The  tabulation  assigns 
priority  to  four  major  pathogens:  Staph  aureus , Prov  stuartii , Entero  cloacae , 
and  Kleb  pneumoniae,  and  other  combinations  are  listed  under  these  key 
organisms.  Staph  aureus  was  a prominent  part  of  the  flora  of  almost  half 
of  this  group  of  patients,  but  no  numerically  significant  pairing  with 
another  species  could  be  discerned.  Prov  stuartii  and  Ps  aeruginosa  were 
encountered  almost  as  often  as  staphylococci.  However,  Entero  cloacae  was 
the  most  frequently  encountered  species. 

BIOPSY  OF  BURN  WOUNDS 

The  use  of  biopsies  as  a guide  in  treatment  of  burn  wound,  and  as  a 
technic  for  assessing  effectiveness  of  therapy,  has  become  well  established 
as  a useful  procedure.  The  species  of  microorganism  recovered  from  burn 
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Table  4 Wood  (_  ulture  Isolates  in  Patients  with 
Mnrr  than  One  Spec  ies  Kmivcn-d 


Spec  ies  No  of  Patients 

Staph  aureus  . f ntero  < lo, u ac  1 

Staph  .iiirnjs.lnti’ni  (h.K.ii'.  i’s*‘u<lnnntri*is  l 

Staph  aureus  . t ntero  t mat  ae  . alpha  strep  2 

St.i|»h  .lurnis  I riti  rn  i lo.u  ,ic  l’n»v  sliurtn  1 

St  apt)  .M if  is  I ntr  ri  i < 1 1 ».u  ae  . Ps»*»  n Jo  mm i, is  . I’rov  sluar  1 1 1 1 

Staph  .uimis  i ntrr'ii  ( loot  ae . Pseiic Junion. is  . alpha  strop  1 

St  apt » aureus  . I nttrn  t l«>a<  ,ir  . I’sujdnmni  ias  Staph  rpi  der  im  dis  1 

St  apt)  .uiit'ijs.l  utef  ii  ( Inat  ar  . Pseudomonas  . Pro t nnr.it  tilts  1 

St  apt)  aureus  t nt.  m * Inat  ae,  I « nli  . K let*  pneurtinni  ae  . Prnv 

stuartir  1 

St  apt  i .mri  us  . t iitem  t loai  ar.  Pseudomonas  . t i oh  . Prov 

stuartu.  K (eh  pneumoniae  f 

Sf.tpti  aureus  . f ntero  < lo.u  ae . { (oli.imn  h rttmlytu  strep. 

Kiel)  pneumoniae  Prof  imrutahs  2 

Staph  aurn/s  ISun Jomonas  2 

St.ipt)  aureus  . Pseudomonas  . Prnv  stuartu  1 

Staph  aureus  . Pseudomonas  . I cull  1 

Stapt)  aureus  . Ps»  u<|oiiM»nas  . alpha  strep.  Kleh  pneumoniae. 

Stapt)  epulermidis  1 

Stapt)  aureus  . Prnv  stuartu.  S mar  t essens  . C andida  2 

Stapt)  aureus . alpha  strep,  non  hemolytic  strep. [ coli. 

Kleh  pneumoniae  t 

Prov  stuartu  . t ntero  c lo.ii  ae  2 

Prnv  s tuarti  i . E ntero  < Inacae  . Pseudomonas  3 

Prov  stuartu  . t ntero  c foac  ae  . Pseudomonas  . Stapt)  cpidermidis  I 

Prnv  stuartu  . f ntero  c loacae  . Pseudomonas  . Kleh  pneumoniae  2 

Prnv  stuartu  . I ntero  c loac  ae  . S marc  e-» sens  . Prot  mi  rat»i  hs  . 

t toll  t 

Prnv  stuartu  . f ntero  c loac  ae.  t ntero  aeroijenes  . Pseudomonas  . 

alpha  strep,  non  hemolytic  strep  2 

Prnv  stuartu  f ntero  c Inac  ar  . Pseudomonas  , alpha  strep. 

Kiel)  pneumoniae  . Prnt  miratiilis  2 

Prnv  stuartu,  Prut  mirahihs.  1 

Prnv  stuartu. non  hemolytic  strep.  Candida  1 

{ ntero  ( lo.iuir,  f’sujdomiiM.is  3 

[ ntcru  dnaiae  Pseudomonas . Staph  epider midis  . S m.ircessens  2 

t ntero  < loot  ,»e.  Kiel)  pneumoniae  4 

Kleti  pneumoniae,  alpha  strep  I 

Total  p.ihents  wilt)  2 or  more  species  55 


• ot  al  I Positives 


No 

of 

patients 

w i III  2 spec  i es 

1 7 

1 7 

8 

No 

of 

pollen's 

witli  ) spec  it’s 

n 

1 3 

b 

No 

of 

patients 

wdh  <1  spec  ies 

i i 

13 

b 

No 

of 

patients 

w df>  5 spec  ies 

4 

4 

2 

No 

of 

patents 

witfi  b spec  ies 

8 

8 

4 

No 

of 

*\itients 

w i th  ( ntero  c loot  ae 

35 

Staph  aureus  25 

Prov  stuartu  2 U 

Ps  .ieru<ji  nos, i 2 I 


a 


i 

i 
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w >u nd  biopsies  offers  .1  distinctive  and  essential  parameter  in  understanding  the 
role  of  infection  in  the  burn  wound,  and  is  a reflection  of  the  effect  of  topical 
therapy  on  bacterial  colonization  and  invasion  of  the  burn  wound.  The  relation 
of  invading  bacterial  species  to  mortality  may  be  disclosed  by  summarizing 
the  data  on  burn  biopsies. 

Table  10  shows  the  species  recovered  from  biopsies  of  burn  wounds  of  135 
patients  in  1974.  This  is  the  largest  number  of  patients  that  have  been  biopsied 
in  a single  year.  Species  of  numerical  importance  were,  in  descending  order. 
Staph  aureus , Entero  cloacae,  Prov  stuarti i , Ps  aeruginosa  and  E coli . The 
mortality  rate  associated  with  the  predominant  species  of  mi croogranisms  was 
not  proportionate  to  their  frequency.  Prov  stuartii  and  Ps  aeruginosa  had  the 
highest  associated  mortality  rate,  and  Staph  aureus  the  lowest.  Kleb  pneumoniae 
was  not  high  in  recovery  rate,  but  patients  harboring  it  had  a very  high 
mortality  rate. 

Comparison  of  annual  incidence  rates  for  biopsy  flora  and  associated 
mortality  rates  is  shown  in  Table  11.  There  is  a suggestion  that  Staph  aureus 
lias  become  more  dangerous  as  an  invading  organism,  despite  its  relatively 
constant  incidence.  Kleb  pneumoniae  has  never  been  frequent  in  biopsies,  but 
deaths  due  to  Klebsiella  sepsis  are  disproportionately  frequent.  In  terms  of 
incidence  in  biopsied  tissues,  there  was  little  change  on  an  annual  basis  ex- 
cept for  the  striking  increase  in  incidence  of  Entero  cloacae . This  species  was 
so  infrequent  in  biopsies  that  it  was  not  tabulated  prior  to  1973.  But  when  the 
mortality  trend  is  viewed,  there  was  an  obvious  very  large  up-turn  in  1973 
for  all  the  major  species  recovered. 

PROVIDENCIA  STUARTII  AND  ENTEROBACTER  CLOACAE  IN  BURN  PATIENTS 

Burn  infection  due  to  Prov  stuartii  was  first  described  in  patients  in  this 
Institute  as  a major  new  infectious  process  caused  by  a relatively  uncommon 
enteric  bacillus  of  usually  minor  interest  as  an  opportunistic  pathogen.  It 
assumed  a major  role  as  the  predominant  organism  in  burn  wounds , pu Imonary 
infections  and  in  septicemia.  The  extent  to  which  Prov  stuartii  involved 
patients  during  1974  is  summarized  in  Table  12.  The  organism  was  a major 
part  of  ti>  burn  wound  flora,  sputum  flora,  and  in  biopsies.  Septicemia  due 
to  Providencia  was  a major  part  of  blood  stream  invasion,  and  the  high  per- 
centage cf  wound  tissue  and  lung  samples  positive  at  autopsy  suggests  that 
Providenica  is  especially  prone  to  proliferate  in  the  terminal  stage  of  a burn 
patient's  course. 

Comparison  of  the  proportion  of  patients  who  harbored  the  organism  on 
burn  wound,  biopsy,  in  blood  or  in  sputum  is  shown  in  Table  13.  The  inci- 
dence has  fluctuated  but  it  remained  high  enough  so  that  the  species  remains 
a major  concern  as  a burn  wound  pathogen.  The  organism  is  transmitted  by 
contact  in  the  burn  ward;  its  eradication  shows  no  promise  of  being  achieved. 

Enterobacter  cloacae  has  emerged  as  a significant  wound  pathogen  since 
1973.  Prior  to  that  time,  it  had  not  occurred  in  a frequency  that  prompted  its 
detailed  scrutiny.  The  rate  of  occurrence  in  1974  is  summarized  in  Table  14. 
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Year 

Site  of  Culture  and  Positive 

Wound 

Biopsy 

Blood 

Sputum 

1969 

46 

51 

32.9 

54.4 

1970 

43.7 

45.6 

14.0 

67.  7 

1971 

34.0 

40.0 

36.5 

33.0 

1972 

49.5 

55.4 

23.9 

56.6 

1973 

34.0 

36.8 

20.0 

40.  8 

1974 

40.6 

32.6 

15.0 

40.  8 

. hkhIi  i'i<-  :n  burn  wounds,  and  especially  in  biopsies  indicates  that  these 
v.hii  , were  colonizing  the  burn  patient  very  heavily  and  that  tissue  penetra- 
■ ,n  was  even  more  marked.  The  incidence  in  blood  cultures  was  relatively 
; ; I , , as  was  the  case  with  sputum.  Interestingly,  at  autopsy  the  lung  was  less 
nsively  involved  than  would  have  been  thought  from  the  sputum  culture 
d r i.  Ttie  presence  of  Entero  cloacae  in  liver  tissues  indicates  that  late  appear- 
. j septicemia  was  a common  occurrence  for  Entero  cloacae,  since  me  organisms, 
yuestered  in  liver  macrophages,  survive  to  appear  in  postmortem  cultures. 

i.V.  CATHETER  TIP  CULTURES 

Surveillance  of  indwelling  i.v.  catheters  by  culturing  the  tip  when  it  is 
removed  from  the  vein  furnishes  essential  data  on  such  catheters  as  a factor  in 
the  etiology  of  intravascular  infections.  There  is,  however,  no  assurance  that 
a positive  catheter  tip  culture  means  that  concurrent  or  subsequent  sephremia 
is  the  result  of  i.v.  catheter  transmission;  indeed,  the  tip  may  well  become 
seeded  in  the  presence  of  a bacterial  infection  arising  elsewhere.  In  any  event, 
the  i.v.  catheter  tip  site  merits  detailed  study,  since  it  is  a source  of  a poten- 
tially severe  complication  of  burns. 

Table  15  presents  results  of  culturing  550  catheter  tips  from  178  burn 
patients.  Out  of  the  178  patients,  100,  or  56.1%,  had  bacteria  recovered  from 
at  least  one  i.v.  tip  culture.  The  numerically  important  species,  in  descending 
order  of  frequency,  were  Staph  aureus,  Entero  cloacae  and  Prov  stuarti i . This 
is  in  contrast  to  the  incidence  of  opportunistic  pathogens  in  wounds  or  septi- 
cemia; the  relatively  low  incidence  of  Ps^  aeruginosa  and  Kleb  pneumoniae  was 
in  contrast  to  the  occurrence  of  these  species  in  wounds  or  in  septicemia. 

DISCUSSION 

The  etiology  of  bacterial  sepsis  in  burn  patients  is  heterogeneous.  The 
principal  species  colonizing  burn  wounds  and  lung,  and  recovered  from  blood 
cultures,  include  the  species  which  have  been  important  in  previous  annual 
summaries;  Staph  aureus  and  Ps  aerugiiiosa.  Prov  stuartii  was  still  a major 
opportunistic  invader,  but  was  distinctly  less  prominent  than  it  had  been  during 
tiie  previous  3 years . Entero  cloacae,  previously  relatively  uncommon,  suddenly 
beemae  a major  infecting  agent,  and  was  a prominent  part  of  the  bacterial 
flora  in  septicemia  and  in  burn  wound  biopsies.  Limited  epidemics  due  to  S 
marcossens  occurred,  but  between  outbreaks,  this  potentially  serious  pathogen 
virtually  disappeared. 

Antibiotic  resistance  in  Enterobacteriaccae  was  prevalent;  this  problem  is 
discussed  in  more  detail  in  another  section  of  this  report.  The  appearance  ol 
resistant  strains  is  consistent  with  the  presence  of  resistance  transfer  factors; 
although  these  have  not  yet  been  sought,  their  presence  is  virtually  assured 
as  reflected  in  the  patterns  of  emerging  resistance  that  have  occurred  Elimina 
lion  of  colonization  in  burn  patients  under  less  than  optimal  isolation  conditions 
is  an  unrealistic  goal.  The  incidence  of  individual  opportunistic  invading  species 
points  out  to  the  areas  where  major  emphasis  on  control  should  be  applied. 

The  numerical  incidence  of  some  opportunistic  invading  spec  ies  suggest  that 
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Table  15  Bactenal  Flora  of  I .V  Catheter  Tips 
from  178  Burn  Patients.  1974 


Species 

No  Patients 
Positive 

>.  of  All  Patient 
Positive 

% of  Patients  wi 
Positive  Cultur  < 

Staph  aureus 

46 

16  1 

46 

Staph  epidermidis 

8 

4.  5 

Non  hemolytic  strep 

13 

8.0 

13 

Bacillus  sp 

3 

1.  7 

Pseudomonas  sp 

18 

10.2 

18 

MimaHerellea  gp 

2 

1 1 

Klebsiella  pneumoniae 

23 

13  1 

23 

Entero  cloacae 

36 

20  4 

36 

Serratia  marcessens 

5 

2.8 

E.  coll 

17 

9.7 

17 

Prot . mirabilis 

5 

2.8 

Prov  stuartii 

29 

16  5 

29 

Candida  sp 

13 

7.  4 

13 

No.  catheter  tips  cultured  550 

Average  catheter  lips  per  patient  3.  1 
No.  of  patients  with  positive  cultures 

100 

I 
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they  may  be  playing  a larger  role  in  burn  wound  pathogenesis  than  had  been 
assumed . 
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Use  of  a mixed  system  of  both  1000  Routine  Test  Dilution  (RTD)  and 
undiluted  phages  has  made  possible  a typing  of  94%  of  a collection  of  1085 
strains  of  Pseudomonas  aeruginosa.  Undiluted  lytic  patterns  made  up  8 of  the 
prominent  types;  4 more  were  typable  at  1000  RTD.  The  most  common  type, 
found  in  33%  of  all  patients  with  Pseudomonas,  was  NT-3.  It  replaced  NT-5, 
still  present  but  not  predominant  as  it  was  in  1973.  NT-3  had  not  been  observed 
in  1972  or  1973.  The  1973  A-71  epidemic  disappeared  completely  in  1974. 
Septicemic  strains  varied  from  the  overall  strain  frcguency,  so  that  NT-4 
involved  the  blood  stream  proportionately  more  often  than  in  all  sources  com- 
bined, but  essentially  no  septicemic  type  could  be  discerned.  Since  it  was 
extremely  infrequent  in  lung,  NT-4  septicemia  appeared  most  plausibly  to 
arise  from  infected  burn  wounds.  Epidemic  episodes  of  NT-4,  NT-5,  NT-3, 
and  NT- 16  extended  over  all  of  1974.  The  duration  of  a given  epidemic  was 
6 to  8 months.  The  control  of  this  complex  Pseudomonas  population  with 
topical  antibacterial  agents  is  effective  only  at  the  individual  host  level. 


Pseudomonas 
Phage  typing 
Burn  wounds 
Topical  chemotherapy 
! I urnans 


BACTERIOPHAGE  TYPES  OF  PSEUDOMONAS  AERUGINOSA 
FOUND  IN  BURNED  SOLDIERS 


The  differentiation  of  infecting  strains  of  bacterial  species  involved  in 
epidemic  infectious  disease  in  a hospital  population  is  an  es~"ntial  part  of 
understanding  the  epidemiology  of  the  disease.  Burn  wound  infections  are 
heterogeneous  as  to  causative  species,  but  the  principal  opportunistic  invader 
in  causing  burn  wound  sepsis  is  Pseudomonas  aeruginosa . Despite  the  ex- 
tensive and  diverse  efforts  made  to  eradicate  this  opportunistic  pathogen 
from  burn  wards,  it  continually  reappears,  and  it  has  been  studied  intensively 
in  this  Institute  for  the  past  15  years  . Phage  typing  has  been  selected  as  the 
differentiating  method  of  choice  (1,2)  and  a set  of  phages  derived  in  this 
Laboratory  have  remained  the  mainstay  of  a strain-differentiating  system. 

METHOD 

In  two  previous  years,  various  experiments  aimed  at  characterizing  the 
increasing  number  of  strains  untypable  with  the  standard  18-phage  typing 
set  were  described  (3,4)  . After  extensive  study,  new  typing  phages,  which 
would  lyse  strains  at  the  Routine  Test  Dilution  (RTD)  , and  which  were  con- 
sidered as  replacements  for  original  phages,  were  set  aside,  and  a technic 
using  undiluted  phage  fluids  to  type  strains  not  lysed  by  the  RTD  was  employed. 
Thus,  the  original  typing  designated  with  the  addition  of  a prefix  "NT"  could 
be  used.  This  precept  was  defined  as  a strain  capable  of  being  lysed  with 
undiluted  phage  but  not  lysed  by  RTD. 

Further  elucidation  of  the  nature  of  the  NT  series  of  typing  reactions  is 
needed.  The  technic  works,  and  it  is  probable  that  it  reflects  the  behavior 
of  a pyocin  component  in  the  phage  preparation,  but  final  elucidation  of  this 
question  awaits  further  study. 
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typing  system  for  Pseudomonas  aeruginosa . Bact  Proc  1964,  p.  81  . 

2.  Lindberg  RB,  Latta  RL,  Pruitt  BA,  Jr:  Stabi lity  of  bacteriophage  strains 
as  epidemiologic  markers  for  Pseudomonas  aeruginosa.  Bact  Proc  1970,  p.79. 

3.  Latta  RL,  Lindberg  RB , Pruitt  BA,  Jr,  Mason  AD,  Jr:  Bacteriophage  types 
of  Pseudomonas  aeruginosa  in  burned  soldiers . US  Army  Institute  Surg  Res 
Ann  Rpt  FY  1973,  BAMG,  Fort  Sam  Houston,  TX.  Section  12. 

4.  Latta  RL,  Lindberg  RB,  Pruitt  BA,  Jr,  Mason  AD,  Jr:  Bacteriophage 
types  of  Pseudomonas  aeruginosa  found  in  burned  soldiers . US  Army  Institute 
Surg  Res  Ann  Rpt  FY  1974,  BAMC,  Fort  Sam  Houston,  TX.  Section  11. 


1*45 


i 


I 


Phage  typing  of  Pseudomonas  aeruginosa  from  Burn  Ward  Patients,  1 9 7^4 
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There  was  a marked  rise  in  the  number  of  strains  of  Ps  aeruginosa 
recovered  in  1974.  The  principal  ecologic  change  that  was  suspected  in  this 
period  was  the  introduction  of  si  Iver-sulfadiazene  burn  cream  in  topical  treat- 
ment. Sulfamylon^  was  still  used  but  a large  group  of  patients  did  not 
receive  it. 

There  were  1085  strains  of  Ps  aeruginosa  collected  for  typing  from  clinical 
specimens  on  116  patients.  Sources  were  diverse  and  included  blood,  sputum, 
biopsy  tissue,  urine,  catheter  tips,  stool  and  post  mortem  tissues.  Predominant 
phage  types  found  are  summarized  in  Table  1. 

The  Phage  Type  Code  is  listed  to  indicate  the  total  phage  type  pattern 
shown  in  the  "Phage  type"  column.  As  defined  above,  NT  indicates  strains 
not  typable  by  RTD,  but  which  will  react  with  undiluted  phage  to  give  a usable, 
reproducible  type  reaction.  Eight  of  the  12  type  codes  were  NT  reactions.  The 
percentage  of  all  Pseudomonas-positi ve  patients,  harboring  a given  type,  and 
the  percentage  of  all  strains  that  were  of  that  type  are  shown  in  the  right  hand 
columns.  Any  types  found  in  fewer  than  5 patients  are  not  shown;  otherwise 
the  table  becomes  unwieldly  with  small  numbers  of  types  of  little  epidemiologic 
significance.  The  relative  proportion  of  the  total  isolates  tabulated  is  reflected 
in  the  fact  that  74. 3%  of  all  isolates  are  accounted  for  on  Table  1.  The  remaining 
25.7  are  distributed  over  a large  number  of  types,  many  of  which  are  unique. 

NT-3  was  the  most  frequently  seen  type;  32.8%  of  all  Pseudomonas- 
positive patients  harbored  it  and  it  made  up  one-fourth  of  all  strains  isolated. 

It  is  of  particular  interest  that  NT-3  was  not  seen  even  once  in  1973  or  1972 . 

Not  previously  had  a new  epidemic  strain  pervaded  the  ward  population  so 
completely  and  so  consistently. 

Type  NT-16  was  th^  next  most  prevalent  type,  with  18.  1%  of  patients  and 
10.1%  of  all  strains  in  this  cateyory  . This,  loo,  w^  a new,  previously'  unre- 
ported type . 

The  third  most  frequently  encountered  type  was  NT-5;  14.  7%  of  the 
patients  harbored  8. 1%  of  all  strains  recovered.  This  type  had  been  found  in 
1973  as  the  predominant  type  for  that  year. 

Type  NT-4  was  the  fourth  most  common  strain  occurring  in  12 . 1%  of 
the  patients  and  even  more  strains  - 8.7%-  than  had  NT-5.  NT-4  was  more 
common  in  1973;  then  it  was  almost  as  common  as  NT- 5. 

Another  previously  unknown  type,  NT-17,  was  fifth  in  frequency  in 
1974.  8. 2%  of  all  strains  were  harbored  on  8 . 6°  of  all  patients  concerned  . 

Type  D-98,  representing  strains  of  pattern  21,31,  1 19X,  was  the  sixth 
most  common  pattern.  It  had  not  been  seen  in  at  least  the  preceding  4 years. 

Next  most  common  were  types  NT-22  and  NT-21.  Each  of  these  was 
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Table  1.  Predominant  Phage  Types  of  * ,085  Pseudomonas  Strains 
from  116  IS<>  flurn  Ward  Patients,  197** 


Phage  Type 


Per  Cent 
Each  Phage  Type 


Patients  $tr<! 


Non-typeable 

*(21  ) , ( 24)  ,(44)  ,1 21  4,(68)  ,109 ,352 , (F7)  ,f8 

32. B 

Non-typeabl e 

*(21),68,(f7) 

18.1 

Non-typeabl* 

*(21 >,24, 44, 121 4, (68), )19x,(F7) 

14.7 

Non-typeabl* 
+(20,24,31 ,44,1214,(68) 

12.1 

Non-typeahle  I 

*21,1214,68 

8.6 

21,31,119* 

6.9 

NT-2? 

Nen-typeabl  e 

*(21),(1214),(F7),(F8) 

NT-21 

Non-typeable 

*(21 >,1214,68,(109), F8 

Non-typeable 

*24,44,1214 


21  ,68 


16,44,1214,68 


Phage  Type  using  undiluted  phage 
Variable  reaction 


n»7 


found  on  6%  of  the  patients  who  harbored  Pseudomonas.  Neither  of  these  type 
patterns  had  been  seen  previously. 

Next  in  frequency,  with  strains  recovered  from  5.2%  of  patients  in  each 
case,  were  types  M-2,  NT-18  and  D-41 . The  number  of  isolates  was  small 
in  each  case;  they  made  up  from  2 .3%  to  0. 6%  of  the  isolates  in  1974.  Of  these, 
phage  type  M-2,  (119X)  is  not  new  to  the  burn  ward.  It  has  been  observed  in 
previous  years,  and  was  as  common  in  1973  as  in  1974.  Phage  type  D-41  has 
been  a very  common  "burn  type",  and  in  some  years  was  overwhelmingly  pre- 
dominant. In  recent  years  it  has  never  been  numerically  conspicuous. 

The  final  type  included,  as  involving  at  least  5 patients,  was  C-26.  This 
pattern  has  been  seen  in  previous  years  but  it  has  never  been  high  in  incidence. 

The  standard  typing  technic,  working  with  RTD  dilutions  of  at  least 
10  , was  ineffective  with  75%  of  the  strains  examined . Although  this  level 

was  dismayingly  high,  the  utility  of  the  procedure,  as  far  as  differentiating 
strains  was  concerned,  remained  unchanged.  When  strains  from  other 
laboratories  were  submitted  for  typing,  the  proportion  which  reacted  at  RTD 
was  very  high,  as  it  was  when  this  sytem  was  first  developed  in  this  Laboratory. 
The  indication  is  that  the  continued  interchange  of  genetic  material  in  the 
Institute  of  Surgical  Research  burn  ward  microbial  population  is  generating 
a high  level  of  strains  which  are  not  lysed  by  the  phages  in  this  collection. 

This  tolerance  is  evidently  local,  since  even  Pseudomonas  strains  from 
Brooke  General  Hospital  are  typable  by  RTD  concentrations  of  phage.  The 
implication  of  locally  concentrated  strains  resistant  to  antibiotics,  and  sorted 
bv  fortuitous  contact  as  is  evidently  the  case  with  phage  susceptibility,  is 
disturbing.  No  method  of  ridding  a population  completely  of  resident  strains 
of  an  opportunistic  pathogen  is  known. 

Phaqe  Types  of  Pseudomonas  From  the  Blood  Stream  of  ISR  Burn  Patients, 
1974 


The  extremly  high  mortality  of  patients  from  whose  blood  stream  Ps 
aeruginosa  has  been  recovered  makes  the  identification  of  such  strains  particu- 
larly important.  If  such  strains  represent  a preponderance  of  particular  types, 
not  consistent  with  the  overall  incidence  of  Pseudomonas  in  the  burn  ward, 
then  the  existence  of  septicemic  types  might  be  established,  and  concentration 
on  control  of  such  lethal  types  would  be  merited. 

There  were  32  patients  in  whom  Pseudomonas  was  recovered  from  the 
blood  in  1974.  Thirty  of  these,  or  93.7%,  died.  Sixty-six  strains  from  these 
32  patients  were  studied.  The  incidence  of  types  in  the  blood  stream  was  not 
dissimilar  to  the  pattern  recovered  from  all  sources.  The  comparison  of  those 
frequencies  is  shown  in  Table  2. 

It  will  be  seen  that  the  most  common  type,  NT-3,  was  first  in  incidence 
in  blood  and  in  overall  incidence.  Type  NT-4,  second  in  incidence  in  blood, 
was  fourth  in  inr.  ;encc  in  all  cultures.  The  incidence  of  all  remaining  blood 
stream  types  was  not  markedly  different  from  that  of  the  total  Pseudmonas 
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Table  2.  Frequency  of  Occurrence  of  Pseudomonas  Phage 
Types  in  Blood  Cultures  Compared  to  All  Isolates 
ISR  - 1974 


Frequency  of  Occurrence 


Type 

Patients 

Blood 

Strains  Incidence 

Al 

Patients 

Sources 

Strains 

Incidence 

NT- 3 

9 

19 

1 

38 

355 

1 

NT- 4 

5 

5 

2 

14 

131 

4 

NT-17 

4 

7 

3 

10 

93 

5 

NT- 5 

3 

7 

4 

17 

159 

3 

NT- 16 

3 

5 

5 

21 

196 

2 

NT- 18 

2 

3 

6 

6 

56 

10 

NT- 2 2 

2 

3 

7 

7 

65 

7 

M-2 

2 

2 

8 

6 

56 

9 

population.  Although  differences  occurred,  they  were  not  of  a magnitude  to 
i suggest  that  a particular  type  was  more  commonly  encountered  in  blood 

j culture  than  would  be  expected  on  the  basis  of  overall  incidence. 

| 

| There  were  15  strains  recovered  from  blood  cultures  representing  10 

different  types  that  were  found  each  in  only  one  or  two  patients. 

The  chronology  of  occurrence  of  Pseudomonas  types  shows  those 
episodes  in  which  an  epidemic  sequence  may  have  taken  place.  This  total 
incidence  rate  is  shown  in  Figure  1. 

The  sequence  of  occurrence  of  bacteremia  due  to  Pseudomonas  makes 
f it  apparent  that  a given  strain  was  involved  in  several  outbreaks.  Type  NT-5 

: occurred  in  January,  M-2  in  March,  each  with  two  patients.  NT-4  caused 

j ! 4 episodes  in  May  and  June.  The  major  epidemic  episode  was  that  caused 

by  NT-3,  in  9 patients  from  July  through  October.  In  September  and  October, 
NT-17  involved  3 patients,  as  did  NT-16  in  October-December . A 2-patient 
j episode  due  to  NT-18  occurred  in  November. 

It  was  evident  that  no  single  phage  type  showed  an  invasive  capacity 
out  of  proportion  to  its  incidence,  as  would  be  evinced,  by  its  disproportion- 
ate occurrence  in  bacteremia.  What  was  equally  clear  was  the  succession  of 
invasive  episodes  reflecting  the  dominance  of  a given  type  during  a given 
period.  There  were  7 types  which  caused  outbreaks,  in  from  2 to  7 patients, 
each  during  a circumscribed  period.  In  addition,  at  least  9 other  types 
caused  bacteremia  in  patients  either  singly  or  at  intervals  too  widely  separated 
to  constitute  a sequence  of  infection  in  a single  episode.  This  progression 
paralleled  the  changes  in  predominant  types  during  a given  period. 
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Pseudomonas  Phage  Types  Recovered  From  Lung  Tissue  at  Post-Mortem, 
ISR  - 1974 


The  bacteria  recovered  from  lung  tissue  at  autopsy  furnish  a definitive 
representation  of  the  bacterial  etiology  of  pneumonia  complicating  a severe  bui  n. 
This  problem  of  pneumonia  has  become  a major  part  of  the  situation  prevailing 
in  the  severely  burned  patient.  The  phage  types  of  strains  recovered  from 
lung  at  autopsy  are  summarized  in  Table  3.  It  is  apparent  that  the  predomi- 
nant type,  NT-3,  was  also  the  predominant  type  in  the  overall  type  distribu- 
tion. As  with  strains  recovered  in  septicemia,  the  distribution  roughly 
paralleled  the  overall  incidence  of  phage  types  in  1974.  NT-3  was  again  the 
most  common  type  in  autopsy  lung  samples.  NT-5,  second  in  incidence  in 
lung,  was  third  in  overall  distribution  while  the  third  type  in  frequency  in 
lung  tissue  was  fifth  in  overall  distribution.  The  greatest  discrepancy  was 
with  NT-4,  seventh  in  frequency  in  lung  samples  but  fourth  in  overall 
distribution.  It  is  not  plausible  to  expect  exact  correspondence  in  the  lung 
samples;  the  discrepancies  are  not  great  enough  to  suggest  a type  with  pre- 
detection for  causing  pneumonia.  Instead,  many  types,  if  present,  were 
obviously  able  to  achieve  this  result. 


Table  3.  Phage  Types  of  Pseudomonas  aeruginosa 
from  Lung  Tissue  of  Burn  Patients  at  Autopsy 


Phage  Type 

No.  Patients  Positive 

No.  Strains 

NT- 3 

11 

27 

NT- 5 

6 

17 

NT- 17 

6 

18 

NT- 16 

5 

9 

D-98 

3 

6 

NT-22 

3 

5 

NT-4 

2 

3 

NT- 18 

2 

3 

> j ’ The  events  summarized  by  patient  for  lung  involvement  by  Pseudomonas 

S during  1974  are  shown  in  Figure  2.  There  were  6 types  which  showed  the 

i pattern  of  an  epidemic  outbreak  for  the  burn  population.  NT-5  was  the  cause 

f of  2 episodes  in  January,  and  appeared  in  4 more  patients  in  May  and  June. 

NT-3  caused  pneumonia  in  10  patients  from  July  to  October.  NT-16, at  more 
widely  spaced  intervals  appeared  in  the  same  months,  and  NT- 17  involved 
5 patients  in  September  and  October.  Remaining  types  were  not  involved  in 
enough  cases,  spaced  closely  enough,  to  merit  the  designation  of  outbreak, 
with  the  possible  exception  of  NT-22  in  August  and  September. 

Chronologic  Sequence  of  Pseudomonas  Phage  Types,  1974 

There  is  an  apparent  discrepancy  between  the  designation  of  Pseudomonas 
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"epidemics"  in  the  burn  ward  and  the  relatively  small  number  of  patients 
involved  on  an  annual  basis.  Thus.  NT  3 strains,  the  predominant  type  in 
1974,  were  found  in  only  327.  of  the  patients  and  made  up  only  24  of  all 
isolates.  There  is,  in  fact,  no  single  epidemic  type  but  instead  continually 
, changing  "epidemic"  types.  Thus,  the  number  of  patients  harboring  an 

I epidemic  type  remains  small  in  proportion  to  the  large  number  of  patients  all 

positive  for  Pseudomonas.  The  12  predominant  types  of  Pseudomonas  observed 
in  1974  were  not  found  continuously  during  the  year.  One  particular  phage 
type  appears,  is  seen  perhaps  for  months,  then  disappears,  never  to  be  seen 
again.  A few  types  appear  sporadically  over  a long  period  of  time.  No 
explanation  lias  yet  been  found  for  this  unending  succession  of  phage  types. 

Figure  3 illustrates  the  progression  of  predominant  phage  types  as  they 
occurred  throughout  the  year  On  the  left  is  listed  the  Phage  Type  Code;  then 
in  blocks,  the  number  of  patients -number  of  strains  of  each  phage  type  during 
each  month  of  the  year.  On  the  far  right  is  listed  the  yearly  total  of  patient  - 
strains  for  each  particular  phage  type.  At  the  bottom  are  the  total  patients  and 
strains  for  each  month.  A solid  dark  frame  in  each  month  indicates  the  most 
prevalent  phage  type  during  that  month  and  a partially  dark  frame, the  secon- 
dary type.  A double  frame  indicates  the  third  most  common  type  during  that 
month.  Types  M-2,  C-26  and  D-41  were  distributed  throughout  the  year, and 
only  M-2  had  a month  in  which  it  was  predominant.  Type  NT- 4 was  very 
numerous  from  January  through  July;  then  it  virtually  disappeared.  NT-5 
was  similarly  prominent  for  only  five  months;  it  then  dwindled  to  a minimum 
level  and  after  August  was  not  seen  again.  With  phage  type  NT-22,  "new"  types 
as  they  appeared  and  disappeared  between  May  and  October  are  shown. This 
type  was  the  second  most  common  type  in  August  and  September.  NT  4 and 
NT- 5 were  carry-overs  from  1973,  when  they  were  first  found  in  April  and 
May  and  persisted  at  a high  incidence  for  the  remainder  of  1973,  and  into  1974, 
when  they  disappeared  in  August. 

NT-. 3 was  found  on  one  patient  in  June  and  then  explosively  became  the 
predominant  type  for  4 months.  It  was  very  much  present  in  November  and 
December.  NT- IF,  starting  with  its  appearance  in  July , became  more  numerous 
throughout  1974,  and  was  the  predominant  type  in  December.  NT  17  strains 
paralleled  this  distribution  but  were  less  numerous  most  of  the  time. 

D-98,  formerly  a not  uncommon  pattern,  appeared  in  small  numbers 
from  August  to  December.  It  was,  in  October,  the  third  most  common  type . 
Types  NT- 18  and  NT-21  appeared  from  September  onward.  Only  one,  NT  18, 
was  a predominant  strain  in  the  month  of  November. 

The  complexity  of  a chronologic  month  by  month  summation  of  strain 
distribution  of  Pseudomonas  is  shown  in  this  resume.  Two  major  types.  NT  4 
md  NT  5,  had  been  for  1 ft  months  major  typos  in  causing  Pseudomonas  infec- 
tion. They  then  disappeared  totally,  while  two  new  epidemic  types  NT-  1 
,m  I NT  I (>  played  a major  role  in  the  Pseudomonas  infection  pattern  tor  the 
rein, under  of  1974. 
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An  effective  seven  phage  typing  set  has  been  used  to  differentiate  over 
850  strains  of  Serratia  marcessens  since  1967.  During  this  time , numerous 
small  epidemic  episodes  of  a single  strain  were  distinguishable,  but  in  only 
two  out  of  seven  years  did  major  outbreaks  of  a single  type  occur.  The 
epidemiologic  pattern  of  strain  colonization,  persistance  and  disappearance 
in  a burn  ward  could  be  delineated  precisely  with  this  system,  and  epidemic 
outbreaks  can  be  recognized.  The  importance  of  distinguishing  the  presence 
of  epidemics  of  this  potentially  lethal  opportunistic  species  are  obvious  and 
the  value  of  phage  typing  with  the  Institute  of  Surgical  Research  set  of  phages 
has  been  shown . 
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BACTERIOPHAGE  TYPES  OF  SERRATIA  MARCESSENS 
FROM  BURN  WOUNDS  OF  MILITARY  PERSONNEL 


The  species  of  the  family  of  Enterobacteriaceae  capable  of  opportunistic 
colonization  and  invasion  of  burn  wounds  include  a wide  variety  of  enteric 
bacteria,  and  of  these,  Serratia  marcessens  displays  an  unpredictable  but 
recurring  aptitude  for  such  invasion.  Actual  Serratia  epidemics  have  been 
reported  from  some  institutions,  although  this  situation  has  not  developed  in 
the  Institute  of  Surgical  Research.  Sporadic  instances  and  small  outbreaks 
of  Serratia  have  occurred  here,  but  a sustained  epidemic  outbreak  has  not 
been  encountered.  In  view  of  its  ability  to  infect  burn  patients , however , a 
systematic  program  for  monitoring  the  strain  identity  of  Serratia  is  maintained. 
This  includes  a cultural  technic  that  concentrates  on  detection  of  non-pigmented 
forms,  and  a typing  of  isolates  by  use  of  a bacteriophage  set  collected  in  this 
Institute  from  sewage  (1)  . The  set  of  typing  phages  has  been  used  to 
characterize  strains  recovered  in  the  Institute  of  Surgical  Research  since  1967, 
and  the  nature  of  the  seeding  of  burn  patients  by  this  opportunistic  pathogen, 
its  variability  and  the  degree  to  which  individual  strains  are  selected  by  the 
patient  population  in  which  they  are  propagated,  have  been  elucidated  by 
this  approach. 

The  typing  system  as  evolved  consisted  of  seven  phages.  As  with  any 
strain  differentiating  technic,  the  essential  question  was,  whether  a sufficiently 
detailed  screening  structure  had  been  devised,  so  that  strains  varying  in 
identity  could  be  distinguished,  and  also  whether  identical  strains  would  fall 
into  a single  group.  This  objective  was  achieved;  in  5 out  of  the  7 years  the 
number  of  type  patterns  was  such  that  the  average  number  of  strains  per 
pattern  was  quite  small,  i.e.,  3. 1 to  4. 5 strains  per  pattern . 

Table  1 summarizes  the  progression  of  Serratia  infections  that  has 
occurred  in  burn  ward  patients  since  an  effective  typing  system  was  available. 
Note  that  in  1967,  as  an  illustration,  3 phage  types  recurred  in  enough  patients 
to  merit  consideration  as  a sequential  transmission,  although  the  maximum 
number  of  patients  with  one  type  was  6 out  of  a total  of  27  patients  with  positive 
cultures.  Sixteen  patients  had  one  of  3 types  as  the  infecting  strain.  The  re- 
maining 16  types  that  were  recovered  were  distributed  among  11  patients  and 
also  occurred  among  those  patients  who  harbored  the  predominant  type. 

A simi  lar  pattern  of  type  distribution  occurred  in  1968  through  1971 . 
There  would  be  a relatively  large  number  of  types  that  occurred  each  in  a 
small  number  of  patients,  (often  in  only  one  patient);  then  there  would 
appear  a small  epidemic  pattern  of  3 or  4 types  which  recurred  in  several 
patients,  although  any  one  of  these  predominant  types  would  be  found  in  only 

1.  English  VC,  Latta  RL,  Brame  RE,  Lindberg  RB:  Development  of  a bacterio- 
phage typing  system  for  organisms  of  the  genus  Serratia.  USA  Surgical  Res. 
Unit  Annual  Rpt  FY  1968,  BAMC,  Ft  Sam  Houston,  Texas.  Section  32. 
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Table  1.  Phage  Types  of  Serratia  marcessens  in 
Burned  Patients,  ISR  - 1967-  1973 


Year 

Total 

Strains 

Total 

Types 

No . Patients 
Positive 

Predominant 

Type 

Patients  With 
This  Type 
No  * of 

All 
Pts. 

Strains  of  This 
Type 

No . % of  all 

Strains 

1967 

59 

19 

27 

3, 5. 7, 9, 11,15,  18 

6 

22.2 

8 

13  5 

3,5,7,11. 15 

5 

15.5 

21 

35.5 

3,5.7,11. 15. 18 

5 

15.5 

7 

11.8 

1968 

118 

26 

51 

5.7,9, 11,15, 18* 

7 

13  7 

18 

15.7 

5.7.  15 

7 

13  7 

7 

5 9 

11,15 

7 

13.7 

16 

13  5 

15 

8 

15.6 

16 

13  5 

1969 

168 

37 

78 

5.  7,9,11,15, 18* 

10 

12.8 

19 

11  3 

5,  7,9, 15. 18 

4 

5 1 

4 

2 3 

7.9,  15 

7 

8.9 

15 

8 9 

1970 

117 

26 

49 

5.7,9,11  15. 18* 

10 

20.4 

29 

24.  7 

5,7.9. 15, 18 

8 

16.3 

9 

7.6 

15 

8 

16.3 

13 

111 

18 

5 

10  2 

7 

5.9 

1971 

50 

12 

23 

3.5.7.11, 15.  18 

5 

21  f 

1 1 

22.0 

5.7,9. 11,15.  18* 

3 

13  0 

7 

14,0 

15 

3 

13  0 

3 

6 0 

1972 

100 

14 

27 

1 1 

19 

70  1 

63 

63  0 

1973 

139 

10 

24 

5.  7,9,  11.  15.  18* 

17 

:-6. 8 

98 

70  5 

15 

4 

lt>  6 

7 

5.0 

This  type:  5,  7,9,  IT.  T5,  18,  was  the  most  frequently  encountered  predominant  type 


a small  part  of  the  total  of  patients  positive  for  Serratia.  In  1970,  as  an 
illustration,  the  predominant  type  occurred  in  10  patients,  but  two  other 
types  occurred  each  in  8 patients,  and  one  more  occurred  in  5. 


There  was  one  type,  out  of  all  the  phage  patterns  distinguished,  that 
pj'  recurred  most  often . This  was  type  5, 7, 9, 1 1 , 15, 18.  If  any  type  could  be 

r.  described  as  an  endemic  strain,  this  one  would  fit  that  category.  It  was  the 

f ; cause  of  one  of  the  two  unequivocal  outbreaks  of  Serratia  marcessens 

infection,  when  an  epidemic  episode  of  Serratia  occurred  in  1973.  There  were 
; 24  patients  who  harbored  Serratia  in  some  site,  and  of  these,  17  were  positive 

l for  5 , 7 , 9 , 1 1 , 1 5 , 1 8 . 

t 

/ A monotype  epidemic  unique  in  the  course  of  this  study  occurred  in 

1972,  when  type  11  was  found  in  19  out  of  17  patients  positive  for  Serratia. 

; I 

j A more  detailed  study  of  the  strains  that  have  incited  epidemic  type 

% outbreaks  is  shown  in  Table  2 . Type  5,7,9, 11, 15, 18  was  the  most  common 

type  recovered  in  3 years,  and  the  next  most  common  in  2 more  years.  Type  15 
. was  a recurrent  type  of  major  importance:  in  1968  it  was  the  most  important 

type  numerically,  in  1969,  1970,  and  1973  it  was  second  in  occurrence  and 
in  1969  it  was  third  most  frequently  encountered. 

A type  which  was  numerically  important  in  2 years  was  3,5,7,11,15,18 
>!.  It  was  second  in  occurrence  in  patients  in  1967;  four  years  later,  in  1971,  it 

: was  found  in  more  patients  than  any  single  type. 

■ | 

, Type  11  has  only  once  been  numerically  important.  It  was  the  cause 

of  a major  epidemic  episode  in  1972.  Seventy  per  cent  of  all  patients  positive 
for  Serratia  harbored  type  11;  the  remaining  14  types  found  in  that  year  were 
scattered  so  that  none  were  found  in  more  than  one  patient. 

The  implications  of  this  analysis  of  type  distribution  of  Serratia 
marcessens  are  significant  in  their  explanation  of  the  epidemiologic  potential 
of  this  opportunistic  burn  pathogen.  Serratia  in  blood  stream,  lung  and  burn 
f wound  can  act  as  a highly  lethal  organism,  and  its  recovery  as  the  causative 

agent  in  sepsis  has  been  reported  in  this  Institute  on  several  occasions.  It 
I appears,  however,  to  be  most  often  present  as  a transient  inhabitant  of  the 

burn  ward;  brief  epidemic  episodes  of  single  type  infections  tend  to  die  out, 
and  a heterogeneous  flora  is  often  present.  But  the  organism  can  establish 
i epidemic  infection  patterns,  as  were  seen  in  1972  and  1973.  One  of  these  was 

with  an  exotic,  seldom  seen  type,  type  11.  The  other  was  a numerically  pre- 
dominant outbreak  of  a type  that  in  4 earlier  years  had  occurred  without  once 
involving  more  than  12%  of  all  the  patients  harboring  Serratia  in  a given  year. 

Explosive  persistent  epidemics  are  prone  to  consist  of  strains  which 
exhibit  increasing  virulence  and  increasing  antibiotic  resistance  as  they 
progress.  Thus  far  they  have  been  recognized  in  retrospect  after  they  had 
subsided  by  whatever  natural  causes  determine  such  ebb  and  flow  of  strains 
in  the  burn  population.  But  the  capacity  for  serious  damage  and 
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Table  2.  Incidence  of  Four  Epidemic  Types  of 
Serratia  marcessens 


Year 

Type 

Order  of 
Frequency 

Patients 
No.  % of  all 

Positive  Serratia 
Pos . Pts . 

Strains 
No . % of  al  1 
Strains 

1968 

5,7,9,11,15,18 

2 

7 

13.7 

18 

15.2 

1969 

1 

10 

12.8 

19 

11.3 

1970 

1 

10 

20.4 

29 

24.7 

1971 

2 

3 

13.0 

7 

14.0 

1972 

0 

0 

0 

1973 

1 

17 

70.8 

98 

70.5 

1968 

15 

1 

8 

15.6 

16 

13.5 

1969 

3 

5 

6.4 

5 

2.9 

1970 

2 

8 

16.3 

13 

11.1 

1971 

3 

3 

13.0 

3 

6.0 

1972 

- 

0 

0 

1973 

2 

4 

16.6 

7 

5.0 

1967 

3,5,7,11,15,18 

2 

5 

18.5 

7 

11.8 

1971 

1 

5 

21.7 

11 

22.0 

1972 

11 

1 

19 

70.3 

63 

63.0 
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23.  (U)  Five  percent  Sulfanylon  acetate  solution  has  been  shewn  to  be  an  effective 
topical  antibacterial  agent  when  used  with  wet  to  dry  dressings  during  the  latter 
stages  of  eschar  separation  and  when  used  as  a continuous  soak  covering  areas  which 
have  been  mesh  grafted  in  soldiers  with  bum  injury. 

24.  (U)  Five  percent  Sulfanylon  acetate  is  used  as  a debriding  agent  by  applying 
gauze  sponges  soaked  in  the  solution  to  the  bum  wound  and  wrapping  the  area.  The 
gauze  sponges  are  applied  soaked  with  the  solution,  allowed  to  dry  and  removed  dry 
every  six  or  eight  hours.  The  solution  is  also  used  to  keep  the  dressing  covering  mesh 
grafted  areas  wet  until  there  has  been  epithelial  coverage  of  the  open  areas. 

25.  (U)  74  07  - 75  06  Five  percent  Sulfamylon  acetate  solution  was  used  in  137 
patients.  In  128  cases  it  was  used  with  wet  to  dry  applications  of  coarse  mesh  gauze 
to  facilitate  debridenent . In  110  cases  it  was  used  in  conjunction  with  mesh  grafting. 
There  was  one  case  of  severe  respiratory  insufficiency  and  three  cases  of  combined 
toxic  encephalitis  and  respiratory  insufficiency  in  these  patients  which  if  due  to  this 
agent,  represents  a complication  incidence  of  1.7%. 
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Five  per  cent  Sulfamylon  acetate  solution  is  used  as  the  wetting 
agent  in  the  wet  to  dry  coarse  mesh  gauze  debridement  technique  and  for 
the  continuously  wet  dressings  which  cover  "meshed"  autografts  or 
excised  areas  in  the  burned  soldier.  Fifty-six  point  one  per  cent  of 
all  admissions  had  the  agent  used  at  least  for  one  of  the  above  mentioned 
techniques.  Seventy-six  per  cent  of  the  patients  receiving  the  agent  had 
it  used  fcr  more  than  one  of  the  treatment  modalities.  Only  one  patient 
had  severe  respiratory  problems  apparently  related  to  the  application  of 
5%  Sulfamylon  acetate  solution  for  a presumed  0.7%  complication  rate. 

One  patient  had  severe  respiratory  problems  while  being  treated  with  the 
Sulfamylon  acetate  cream  in  addition  to  the  5%  Sulfamylon  acetate 
solution.  Another  patient  had  severe  respiratory  distress  related  to 
the  topical  application  of  the  Sulfamylon  acetate  cream  very  early  in 
her  burn  course  and  received  the  5%  Sulfamylon  acetate  solution  on 
Ihree  scoa.ate  occasions  later  in  her  course  without  manifesting  any 
siqns  of  toxicity. 
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FIVE  PER  CENT  AQUEOUS  SULFAMYLON  SOAKS  USED 
IN  TOPICAL  TREATMENT  OF  BURNED  SOLDIERS 

Five  per  cent  Sulfamylon  acetate  solution  was  used  in  ? 3 7 patients 
or  56.1/  of  all  admissions.  It  was  used  on  128  patients  as  the  wetting 
agent  in  the  wet  to  dry  coarse  mesh  gauze  debridement  technique.  It 
was  used  as  the  antibacterial  wetting  agent  for  continuously  wet 
dressings  covering  "meshed"  autografts  or  excised  areas  in  110  patients. 
Most  of  these  patients  (767)  had  the  5/  Sulfamylon  acetate  solution  used 
for  both  treatment  modalities. 

Toxic  reactions  manifested  by  pulmonary  and/or  cerebral  signs  were 
clinically  diagnosed  as  being  related  to  the  use  of  57  Sulfamylon  acetate 
solution  in  four  cases.  The  apparent  pulmonary  signs  of  Sulfamylon 
acetate  toxicity  were  initially  hyperventilation  followed  by  pulmonary 
infiltrates  seen  on  chest  roentgenograms. 

It  appears  as  if  one  of  these  patients  should  be  excluded  even 
though  he  was  receiving  the  agent  because  he  had  blood  cultures  positive 
for  coagulasc  positive  S taphy 1 ococcu s on  each  of  the  three  occasions  in 
question.  He  responded  on  each  occasion  to  having  the  agent  discontinued; 
however,  he  also  had  multiple  other  therapeutic  maneuvers  carried  out 
including  changes  in  antibiotics. 

Another  of  these  patients  did  have  hyperventilation,  severe  obstruc- 
tive lung  disease  and  narked  pulmonary  infiltrates  beginning  on  post 
burn  day  six,  the  fifth  day  of  Sulfamylon  acetate  cream  therapy.  She 
had  no  evidence  of  fluid  overload  nor  of  sepsis.  She  also  was  not 
receiving  5/  Sulfamylon  acetate  solutioi  - only  the  cream.  Of  interest 
is  the  fact  that  she  went  on  to  receive  p.  Sulfamylon  acetate  solution 
on  three  separate  occasions  later  in  her  course  without  manifesting  any 
signs  of  toxi c i ty . 

One  patient  had  marked  pulmonary  signs  without  any  evidence  of 
sepsis  while  receiving  5/  Sulfamylon  soaks  to  extensive  areas  in 
addition  to  the  Sulfamylon  acetate  cream  41  other  parts  of  hi-,  body. 

He  recovered  'when  all  Sulfamylon  therapy  was  stopped.  This  patient 
subsequently  had  5 Sulfamylon  acetate  Solution  used  on  four  separate 
occasions  without  any  difficulty. 

Inly  oiv  patient  had  severe  puln  !,ary  prob  I e with  the  r- 
» :lfamy|nn  solution  that  could  nut  he  s la'eci  sep  i . or  use  at 
Sulfamylon  cream.  He  had  two  sc-p--.ro  t . episode-  n|  1 .--.pi  ratory  di  - tress, 

1 !>  last  requiring  tracheostomy.  Hi  pulmonary  = i <in cleared  within 
two  days  after  -.topping  the  use  r.f  I h.  relation  on  both  occasions. 

In  sunnary , l hi  1 o v.ere  thru  ■ ro;  ient  who  had  respiratory  problem 
apparently  related  to  t he  applica'i  a it  Sap  I I .vy  I er  acetate;  however, 
only  one  was  i'.-i.  ■ • i v i nq  t h-  aqueoi  luti'1’  in  t h>  Ion--  ot  - at  . Since 

5 Ifanylur,  acet  at.  -.ole  i i 1 a upp- 1 iew  t-  > I'-/  .*  '<  ; ! eiv  ! pa  t ; < •'  t e . 
tin  iniidence  >1  .-ver--  (unpl  a .it  i n , ap-p.iivti ! I y i -.  nly  ('./  . 
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23.  (U)  Assessment  of  topical  and  systemic  agents  in  the  control  of  bum  wound  sepsis 
in  a controlled  bum  rat  model  indicates  degree  of  effectiveness  of  established  methods , 
reveals  mechanisms  of  pathogenesis  in  new  bum  strains  and  aids  in  improving  therapeutic 
approaches  to  improve  survival  of  burned  troops. 

24.  (U)  Surveillance  of  infecting  types  and  their  response  to  topical  therapy  has 
uncovered  categories  of  refractomess  to  therapy  that  had  not  been  known. 

25.  (U)  74  07  - 75  06  Analysis  has  revealed  possibly  12  to  14  type  specific 

epidemics  of  Pseud qnonas  aeruginosa  refractory  to  Sulfamylon  (tvifenide  acetate) 
treatment.  Systemic  ticarcillin  a semi- synthetic  penicillin  has  effected  recovery  I 
in  otherwise  unretrievable  infections . Its  behavior  merits  consideration  for  clinical 
trial . i 
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The  existence  of  epidemic  outbreaks  ot  reiauvon  ••.".ssw.n:  sir. -a  . • >< 
Pseudomonas  aeruginosa  on  the  burn  ward  was  uncover'  -u  L\  nhr  ;y;  o, 
isolates.  Although  most  of  these  outbreak  ^4ycrc  with.  -!  usns  th.  r • miT  . i 

in  vivo  to  topical  therapy  with  Sul  fumy  Ion  1 . there  w sh  -.ins  l!-...  *n:\i 

not  be  effectively  treated  with  Suliamylon.  epidemics  of  git h -iraCm  , ,■ 
threat  of  invasive  sepsis  due  to  Ps  aeruginosa  that  co-.ihi  bo  ry  dange-1  • 
to  patient , . Tu.arcillm,  a new  experimental  semi-svnF  .<  Le  genu  Jilin, 
markedly  offet  tive  in  preventing  sepsis  m animals  in  ui  i.  h .flier  the  rag  w 
had  iv » effect . fills  drug  merits  serious  consideration  a ,r  ad.  unci  in  h.i-'o 
t herapy . 


Burn 

Sultamy  Imi 
Pseudomonas 

Semi  syntluhi  penii  i Hills 
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DEVELOPMENT  OF  PROP!  1YLATIC  TOPICAL  THERAPY 
FOR  USE  ON  BURN  WOUNDS  OF  MILITARY  PATIENTS. 
THE  SEARCH  FOR  NEW  FORMULATIONS 


L 

I 


The  role  of  Pseudomonas  aeruginosa  in  burn  wound  infection  has  been 
a recurrent  problem;  therapy  has  been  directed  toward  it  for  at  least  two  decades; 
a succession  of  broad  spectrum  antibiotics  and  a semi -synthetic  penicillin  have 
offered  a dec) roe  cf  sped  fie  antibacterial  action  undreamed  of  20  years  ago. 

Yet.  severely  burned  patients  stiil  Tm  a high  likelihood  of,  at  best.  Pseudo 
murur.  uvoniration,  anil  systemic  involvement  in  such  forms  as  pneumonia, 
urii, : : v t,s  t infection  or  invasive  wound  sepsis  are  frequent  occurrences . 

Cur,  . si  aiorature  is  replete  with  allusions  to  Rio  growing  problem  of  P-  vuclo  • 
mm  .as  infection;  'he  - pedes  is,  if  anything,  continuing  to  expend  its  .-.umbers 
and  da;  frequency  with  which  it  involves  traumatized  or  compromised  Lusts. 
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Table  1 . Epidemic  Episodes  af  Ps  aeruginosa  due  to 
in  vitro  Sulfamylon  Refractory  Types 


r 

I 


b 


\ 

\- 

\l 

Phaqe  Type  Year  and  Number  of  Patients  with  Type 

1967  1968  1969  1970  1971  1972  1973 

1 i 

i 

E-2 

11  14 

• f 

A-  87 

19 

J , 

M-2 

13  22 

? ! 

B- 13 

42 

F-3 

17 

• < 

H- 15 

17 

M-4 

12 

NT-2 

57 

I • , 

NT-1 

14 

A- 71 

25 

NT- 5 

21 

f.  i 

under 

study  were  distinguished  by  relatively  high  virulence  and  refracton 

ness  to  treatment.  All  in  vitro  resistant  strains  were  not  like  these;  many 

; : 

were 

less  than  completely  virulent  and  most  of  them  responded  to  treatment. 

But  these  epidemic  strains  were  resistant  in  vitro  and  treatment- refractory . 

These 

factors  are  summarized  in  Table  2. 

Table  2.  Response  to  Treatment  with  Sulfamylon 
of  Experimentally  Burned  Rats  Seeded  with  Sulfamylon- 

Resistant  Epidemic  Strains  of  Ps  aeruginosa 

f ? 

i : 

i i 

Year 

Strain  Mortality  in  Burned  Seeded  Rats  - % 

Sulfamylon  Treated  Untreated 

1967-8 

E-2 

92.5 

100 

1967 

A- 87 

37.2 

96.6 

1969 

B-  13 

97.7 

100 

1972 

NT- 2 

94.4 

92.5 

NT-1 

90.2 

93.7 

1973 

NT- 5 

89.5 

94.  4 

A- 71 

92 . 3 

96.9 

Treatment- Responsive  Epidemic  Strains 

1969-1970 

M-2 

12.2 

90 . 8 

1971 

F 1 

7.6 

100 

bonM  U v i ty  to  Sul fjmylon  A'»*. 

0 1 1 h2 


Seven  strains,  over  this  7-year  period,  were  highly  virulent  for  the 
burned  rat  model  and  were  relatively  resistant  to  Sulfamylon  in  vitro.  Two 
strains  conformed  to  the  m vi tro  part  of  the  resistant  epidemic  strain,  but 
they  responded  to  Sulfamylon  treatment  in  the  classic  manner. 

Certain  of  the  epidemic  strains  exhibited  a behavior  pattern  that  suggested 
they  were  indeed  the  cause  of  a disproportionately  large  part  of  specific 
Pseudomonas  sepsis.  An  example  was  the  epidemic  outbreak  due  to  type  B-13 
in  1969  (with  a brief  extension  into  1970)  . Table  3 illustrates  this  sequence  of 
■vents.  The  strain  had  been  seen  first  on  4 patients  in  1965,  and  5 in  1966, on 
ne  in  1967  and  on  4 in  1968.  It  rose  abruptly  to  epidemic  proportions , but 
more  than  any  other  widespread  type,  it  was  the  cause  of  12  cases  of  septicemia 
md  3 of  burn  wound  sepsis . This  type  of  epidemic  outbreak  is  not  necessarily 
ecognized  at  once,  since  other  strains  were  present  at  the  same  time  and  a 
widespread  seeding  of  burn  wounds  occurred.  Of  these  strains,  there  were 
24  different  types  each  of  which  involved  at  least  4 patients.  However,  in  re- 
porting on  type  B-13  at  the  time,  the  statement  was  made  that  "Type  B-13,  in 
relation  to  its  incidence  on  wounds,  strongly  suggested  that  an  exceptionally 
invasive  or  virulent  strain  was  present.  . . .during  this  year  (1969)"  . 

Table  3.  Sepsis  due  to  Ps  aeruginosa , Type  B-13: 

Epidemic  Strain,  1969 

No.  of  patients  with  positive  cultures:  21 

No.  of  patients  with  positive  blood  cultures  12 

Month  of  first  positive  blood  culture 

April 
May 
June 
July 
August 
September 

Patients  developing  burn  wound  sepsis  3 

Topical  therapy,  in  the  experimental  model,  was  clearly  not  an  effective 
answer  to  the  problem  of  the  treatment-refractory  strains.  Antibiotics  have 
(or  the  most  part  been  ineffective  in  controlling  burn  wound  sepsis  in  the 
experimental  animal.  This  was  one  of  the  basic  reasons  for  embarking  on 
research  directed  toward  control  of  Pseudomonas  burn  wound  sepsis  by  topical 
cIh  motherapy.  In  1970,  carbenici llin  was  described  as  possessing  a degree 
ol  effectiveness  in  controlling  burn  wound  sepsis,  but  the  phenomenon  was 
strain  related,  and  this  attribute  tended  to  minimize  the  potential  of  this 
intibiolic  approach  ID. 

; Lmdberg  RB , Curreri  PW , Pruitt  BA,  Jr:  Microbiology  of  burns  treated 
with  ■ urbenicillin:  I.  xperimental  and  clinical  observations  J Infm  Dis  (S)t.’J 
■54-539,  1970. 
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2 patients 
2 patients 

1 patient 

2 patients 
4 patients 
1 patient 


In  view  of  the  experimental  and  clinical  evidence  that  specific  strains 
l i f Ps  aeruginosa  were  unaffected  by  topical  Sulfumylon,  and  that  a high  incidei 

| , d sepsis  occurred  as  a complication  of  colonization  with  such  strains  .other 

hemotherapeutic  agents  were  investigated.  A new  semi -synthetic  penicillin 
I KL-2288,  designated  Ticarcillin,  was  obtained  from  Beecham- Massem  |i  1 1 
i harmaci  uticals  . The  in  vitro  behavior  of  Ibis  drug  compared  with  carbeni- 
i ! I i n . showed  that  the  same  population  of  Ps  aeruginosa  of  which  80  would  be 
nhibited  by  20  ug/ml,  would  reguire  100  ug/ml  !o  inhibit  70,  of  the  same 
trains.  The  drug  was  administered  i.p.  in  100  ug/day  doses  in  200  gm  rats, 
or  a daily  input  of  0.5  ug/gm  for  10  days.  Parallel  treatment  with  carbonici I lin 
as  used;  with  this  drug  the  dose  was  150  ug  i.p. /day. 

Results  of  this  comparative  trial  are  summarized  in  Table  'I.  Six  highly 
indent  strains  were  selected  for  test.  One  of  them,  A -87,  responded  with 
urvival  of  89?,  of  the  animals  with  both  antibiotics.  The  strain  was  completely 
virulent.  With  each  of  the  other  5 strains,  survival  was  not  affected  by 
carbenicillin,  but  Ticarcillin  was  strikingly  active.  Only  one  strain,  A-71, 
vas  completely  suppressed  by  the  Ticarcillin.  In  the  remaining  4 strains 
from  12.57,  to  257  of  the  Ticarci llin-treated  animals  succumbed,  in  contrast  to 
the  carbcnicillin-treated  animals,  in  which  the  same  strains  were  lethal  for 
from  89 . 7%  to  95 . 77  of  the  treated  animals  . 

Table  4.  Carbenicillin  and  Ticarcillin  in  Control 
of  Experimental  Burn  Wound  Sepsis  due  to 
Sulfamylon-resistant, Treatment- refractory  Ps  aeruginosa 

i 


Strain 

Mortali  ty : 

7 of  Animals  Tested 

Carbenici  llin 

Ticarci  llin 

Control 

87 

1 ! 

1 1 

100 

13 

91 

27 

89.7 

r-2 

80 

25 

95.7 

r-i 

100 

20 

95.0 

-71 

83.3 

0 

85.0 

T-5 

100 

12.5 

94.0 

"reatment:  Carbenicillin:  150  ug/i . p . /day/ 10  days 

Ticarcillin:  100  ug/i . p . /day/ 10  days 

reatment  begun  24  hours  post-seeding 


This  result  was  unique  in  the  entire  course  of  study  of  therapy  ot 
'scudomonas  burn  wound  sepsis.  No  other  therapeutic  agent  has.  when 
idministered  parenterally , acted  to  arrest  the  process  of  burn  sepsis  and 
ermit  survival. 
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The  existence  of  Sulfamy Ion-resistant  strains  of  Ps^  aeruginosa  which 
could  incite  lethal  burn  wound  sepsis  despite  topical  Sulfamylon  was  not 
previously  established.  The  treatment  failure  is  not  simply  a reflection  of 
m vitro  resistance,  since  there  are  even  more  strains  which  cannot  be  suc- 
cessfully treated  in  the  experimental  animal,  even  though  the  strains  are 
sensitive  m vitro . The  fact  is  that  m vi tro  sensitivity  or  resistance  is  not  a 
criterion  of  susceptibility  to  i_n  vi vo  treatment.  There  is,  of  course,  a degre- 
of  correlation  but  in  any  given  strain,  only  experimental  trials  will  tell 
whether  the  organism  is  treatment  responsive  or  not. 

In  view  of  the  demonstration  of  occasional  epidemic  strains,  resistant 
in  vi  tro  to  a level  of  0 . 312%  or  greater , it  would  appear  to  be  advisable  to 
assess  the  presence  of  epidemic  strains  on  the  burn  ward  more  promptly, so 
that,  if  strains  that  are  potentially  dangerous  and  treatment  refractory  are 
present,  alternative  approaches  to  treating  such  sepsis  may  be  developed. 
The  behavior  of  Ticarcillin  is  particularly  promising;  if  this  antibiotic  con- 
tinues to  show,  on  further  investigation,  a major  capability  for  arresting 
the  progress  of  invasive  Pseudomonas  infection,  then  its  use  in  human  illness 
as  an  investigative  drug  may  well  be  merited. 
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Cultivation  of  fungi  from  biopsy  and  autopsy  tissues  is  carried  out 
routinely  since  fungal  sepsis  has  been  a serious  clinical  problem  when  it 
occurs.  Seventeen  genera  of  fungi  were  recovered.  Candida  spp  was  the 
predominant  form,  and  among  true  fungi,  Fusarium  and  Cephalosi  ■>  turn 
were  most  common.  Phycomycetes  (Mucor  and  Rhizopus)  were  recovered 
from  these  tissues  in  small  numbers  and  were  not  involved  in  systemic 
mycoses.  The  role  of  fungi  in  burn  wound  infection  has  apparently 
lessened . 
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Interest  in  the  problem  of  fungal  infection  in  burns  has  increased 
greatly  in  the  past  5 years.  With  increasing  frequency  episodes  of  fungal  or 
yeast  invasion  of  burn  wounds  have  been  reported.  Whether  the  problem  is 
indeed  growing  progressively  more  severe  may  still  be  open  to  question:  in 
the  Institute  of  Surgical  Research  the  incidence  of  severe  wound  invasion  by 
non-septate  fungi  of  the  genus  Mucor  and  Rhizopus  has  become  virtually  nil. 
However,  yeast  colonization  is  extremely  common  on  burn  wounds  and  con- 
tinued monitoring  of  biopsy  and  autopsy  tissues  has  revealed  the  organisms 
still  to  be  present.  Increased  expertise  at  recovering  fungi  undoubtedly  has 
helped  to  make  the  detection  of  a fungal  infection  more  accurate  and  reliable. 

Fungi  in  Biopsy  Specimens  from  Burned  Patients 

There  were  135  patients  on  whom  biopsies  were  performed  in  1074,  and 
585  samples  (4.  3 specimens  per  patient)  were  cultured . Fungus  and  yeast 
culture  results  are  shown  in  Table  1.  Similar  data  for  1972  and  1973  are 
shown  for  comparison.  The  total  number  of  genera  of  fungi  (excluding 
yeasts)  recovered  was  13  in  1972,  10  in  1973,  and  7 in  1974.  There  appeared 
to  be  a distinct  drop  in  diversity  of  species,  as  well  as  in  number  of  strains; 

90  were  isolated  in  1972,  64  in  1973  and  41  in  1974.  Some  genera  have  been 
consistent  in  appearing  every  year;  others  have  been  episodic  in  appearance. 
Consistent  species  included  Aspergillus,  Cephalosporium,  Fusarium 
Curvularium,  Alternaria,  and  Penicillium.  Genera  collected  in  2 out  of  3 years 
were  Helminthosporium,  Rhizopus , Mucor  and  Geotrichum.  Species  wf  ich 
appeared  in  only  one  year  included  Sepedonium,  Scopulariopsis , Diplosporium, 
and  Stemphy Ilium.  In  biopsies,  the  most  conspicuous  fungal  genus  was 
Fusarium.  Yeasts  were  more  numerous,  of  course,  than  fungi.  Candida  spp . 
have,  if  anything,  become  more  numerous  in  1974. 

Fungi  Recovered  i n Autopsy  of  Burned  Patients . 

The  recovery  of  fungi  from  burn  wounds  and  viscera  at  autopsy  is 
summarized  in  Table  2.  Fungi  were  more  frequently  recovered  from  autopsy 
specimens  than  from  biopsy  tissues . There  is  an  empirical  basis  for  this  result: 
the  autopsy  tissues  have  presented  more  opportunity  for  fungi  to  take  root, and 
among  these  fatalities  are  a relatively  large  number  of  lethally  injured  patients 
whose  defense  mechanisms  against  infection  are  virtually  non-existent. 

The  visceral  samples  were  almost  as  frequently  colonized  as  were  wound 
samples.  Most  of  these  positive  tissues  were  lung  samples.  There  were  13 
genera  of  fungi, plus  two  samples  of  non-fruiting  "mycclia  sterila"  and  Candida 
spp.  recovered  from  wound  samples.  Twelve  genera  of  fungi  were  recovered 
from  viscera.  Exactly  as  with  biopsy  specimens,  the  predominant  genus  for 
autopsy  samples  was  Fusarium.  Cephalospori  im  is  a very  closely  related 
genus,  and  it  was  evident  that  this  genus  was  the  second  most  commonly 
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bach  of  these  genera  were  represented  both  in  biopsy  .j ml  autopsy  samples . 

Since  autopsy  fungus  cultures  offer  a broader  spec  luini  of  recovery 
of  genera,  a comparison  of  recovery  i <itcs  f.,r  14 'I  through  1974  was  made, 
as  shown  in  Table  3.  The  number  of  genera,  iru  luding  Candida,  varied  from 
17  in  1971  to  15  in  1974.  Relatively  rare  spec  ies  which  hav<-  not  l ea  n recovered 
in  the  past  2 or  3 years  in  autopsy  specimens  inc  luded  Absidia,  I ’aet.i  lomycos , 
Niqrospora , Diplosporum,  Eonsecaea,  and  Micros porum.  'I  her  e were,  in  all , 

14  genera  in  biopsies  and  autopsies  that  occurred  often  enough  to  be  considered 
a plausible  pci r t of  the  fungal  flora  on  burn  wounds,  but  of  these,  only  10 
occurred  with  at  least  a moderate  level  of  annual  frequency. 

Fungi  were  not  routinely  sought  prior  to  19(>9.  The  sharp  rise  in  inci- 
dence in  1970  was  consistent  with  concern  about  the  increase;  in  clinically 
significant  fungal  burn  wound  infections.  The  occurrence  of  this  syndrome, 
however,  diminished  markedly  in  1973  and  1974,  and  although  the  number  of 
species  and  the  frequency  of  occurrence  has  remained  relatively  constant, the 
rate  of  actual  tissue  invasion  has  fallen  markedly.  The  frequency  with  which 
fungi  are  found  in  burn  tissues  appears  to  be  diminishing.  The  program  of 
monitoring  fungi  in  biopsies  and  autopsies  will  be  continued,  but  the  occurr- 
ence of  this  group  of  organisms  may  well  continue  to  diminish.  The  consequences 
of  invasive  sepsis  are  too  severe  to  omit  surveillance  of  the-  fungi  in  burn 
patients . 
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23.  (Ll)  Infection  in  soldiers  with  thermal  injury  is  a ntair.  cause  of  morbidity  and 
death.  The  significance  of  an  apparent  rise  in  the  number  of  nor,- f ermen  La t i ve 
grarr-negat  i ve  bacilli  in  wounds  is  to  be  sought  by  precise  c.  aracter  i zat  i on  of  this 
poor  1 y-unders tood  group  of  bacteria. 

24.  (U)  Special  culture  technics  and  substrates  appropriat-  to  the  groups  concerned 
will  be  set  up  and  studied.  Emphasis  will  be  on  improved  re  nrnion  of  colonies 

on  primary  isolation. 

25.  (U)  74  07  - 75  06  A significant  increase  in  non-fermen  la  t i ve  gat  ive 

bacilli  in  burn  tissues  on  autopsy  was  established.  Most  of  these  were  > lated  as 
predominant  organisms  in  quantitative  dilution  plates,  which  means  thai  tb.;\  were 
missed  in  primary  isolation.  Pseudomonas  mal  tophi  1 i a,  Alcal  i genes  od  orarj-  var 

v i r i dans  and  F I avobac te r i um  sp.  were  the  prominent  species  but  15  additional  species 
in  these  genera  and  in  Ac i ne tobac ter  were  recovered.  The  epidemiology  of  these 
species  and  their  degree  of  pathogenicity  in  the  burn  patient  are  to  be  studied. 
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Oxidative,  non- fermentative  gram-negative  bacteria  have  been  found  with 
increasing  frequency  as  predominant  organisms  in  postmortem  bacterioloyy 
of  autopsy  tissues,  and  in  biopsies.  A system  for  detecting  and  classifying 
these  organisms  was  developed  and  assessed  for  completeness  and  accuracy. 

Pseudomonas  ma  I tophi  lia,  Alcaligenes  odorans  var  . vi  r idans  and  Flavobactrum 
sp  were  the  predominant  types  found,  but  18  species  including  11  of  Pseudo-  j 

monos  were  identified.  Since  most  were  recovered  as  predominant  organisms  j 

in  quantitative  cultures,  there  is  a strong  likelihood  that  these  species  ore  s 

still  escaping  detection.  Their  pathogenicity  is  not  established  in  most  in-  | 

stances,  but  they  constitute  a significant  potential  source  of  new  opportunistic 
invaders  . 


Burns 

Oxidative  gram  negative  bacilli 

Pseudomonas 

Acinetobacter 

Alcaligenes 

Flavobactrum 

Humans 
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NONFLRMENTATIVE  CRAM  NEGATIVE  BACILLI  IN 
BURNED  SOLDIERS:  NEW  POTENTIAL  OPPORTUNISTIC  PATHOGENS 


The  evaluation  and  development  of  medical  microbiology  showed,  from  its 
beginning  in  the  mid-nineteenth  century,  an  irregular  sequence  of  emphasis 
based  in  part  on  the  relationship  of  pathogenic  microorganism  to  specific  human 
or  animal  disease.  Spore-forming  aerobes  were  in  focus  with  anthrax;  acid 
fast  bacilli  with  tuberculosis;  sperochetes  with  syphilis,  and  fermentative 
gram- negative  bacilli  representing  the  enteric  fevers,  typhoid  and  paratyphoid, 
dysentery,  and  the  whole  realm  of  fecal  contamination,  control  of  which  is  a 
major  pre- occupation  of  Western  civilization.  A group  of  organisms  which, 
although  early  discerned,  excited  little  medical  interest  for  a hundred  years, 
were  the  oxidative  gram-negative  bacilli  . This  neglect  undoubtedly  stemmed 
from  their  conspicuous  absence  fiom  the  roster  of  baceria  that  cause  specific 
diseases  of  man.  The  fact  that  an  oxidative  pigment-former  causes  furuncu- 
losis in  the  trout,  or  that  a chromogen  causes  red-leg  in  leopard  frogs  was  not 
noteworthy  . When,  however,  control  of  specific  infecting  organisms,  by  sani- 
tation, vaccination  and  chemotherapy,  became  a reality,  the  stage  was  set  for 
the  performance  of  this  little  understood  group  in  a new  role  - that  of  oppor- 
tunistic pathogens . Pseudomonas  aeruginosa  is,  of  course,  the  conspicuous 
successful  opportunist  in  burns,  cancer  wards,  debilitated  aged,  newborns, 
and  other  compromised  hosts.  This  organism  can  and  does  take  a major  toll 
yet  primary  infections  with  this  ubiquitous  opportunist  are,  in  normal  healthy 
individuals,  virtually  unknown. 

The  taxonomy,  identification  and  ecology  of  non-fermenting  gram-nega- 
tive bacilli  has  become  in  the  past  5 years  a matter  of  increasing  importance. 

The  increase  in  infections  caused  by  them  is  probably  real,  as  the  status  of 
modern  medicine  presents  them  with  patients  suitable  for  colonization  and 
invasion,  while  at  the  same  time  familiar  pathogens  are  controlled  if  not 
eliminated.  The  other  reason  for  the  increased  interest  is  an  improvement 
in  acceptable  determinative  technics  that  make  their  identification  possible 
and  feasible  (1-6) 


1 . Gi  lardi  CL:  Character!  zation  of  non- fermentative  non- fastidious  g ram 
negative  bacteria  encountered  in  medical  bacteriology  .J  Appl  Bact  34:  623,  1971 . 

7 Picket:  MJ  , Pedersen  M:  Salient  features  of  non-saccharolytic  and 
weakly  saccharolytic  nonfermentative  rods. Can  J Microbiol  16:401,1970. 

3.  Cilardi  GL:  Characterization  of  Pseudomonas  species  isolated  from 
clinical  specimens . Appl  Microbiol  21:414,1971. 

4.  Cilardi  CL:  Pseudomonas  maltophilia  infections  in  man.  Am  J Clin 
Path  51:  58,  1969. 

5.  King  EO,  et  al:  The  identification  of  unusual  pathogenic  gram  negative 
bacteria.  US  Dept  HEW,  Center  for  Disease  Control , Atlanta,  Ca,  Preliminary 
Rev.  Sept.  1972. 

6.  Franklin  M,  Franklin  M:  A profi  le  of  Pseudomonas  . Beecham  Pharm . 
(Div.  of  Beecham,  Inc),  1971. 
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METHODS 

Routine  microbial  identification  technic  in  the  Institute  of  Surgical  Research 
laboratory  is  designed  to  detect  new  species  which  are  behaving  in  a manner 
• hat  merits  their  intense  scrutiny.  Thus,  routine  diagnostic  procedures  cate- 
gorize fermentative  microorganisms:  staphylococci,  Enterobacteriaceae,  and 
Pseudomonas  aeruginosa  readily  and  accurately , but  detailed  search  for  atypi- 
cal uncommon  strains  is  not  routinely  done.  But  all  specimens  from  autopsies 
and  biopsies  are  done  with  pour  plate  dilutions:  the  bacterial  content  of  the 
specimen  is  determined  and  the  highest  dilution  with  bacterial  growth  is 
assessed  for  species  identification  in  complete  detail.  The  hypothesis  is,  that 
in  the  event  that  significant  wound  colonization  or  visceral  involvement  by  a 
new  species  is  occurring,  this  will  be  detected  by  the  presence  of  the  new 
strain  as  a predominant  strain  in  these  tissues.  It  is  in  these  specimens  that 
an  increasing  number  of  oxidative  organisms  have  been  found  in  the  past  2 
years . 

RESULTS 

Table  1 shows  the  basic  work  sheet  of  tests  to  which  non- fermenting  organ- 
isms are  subjected.  Utilization  of  the  first  8 carbohydrates  listed  shows  whether 
the  organism  is  oxidative,  monoscaccharolytic  or  weakly  saccharolytic . If  it 
is  non-saccharoly tic  or  weakly  saccharolytic,  additional  carbohydrates  are  not 
needed;  physiologic  and  nutritional  attributes,  listed  in  the  right  hand  column 
are  then  used  for  further  classification. 

Table  2 presents  infrequently  isolated  species  recovered  at  autopsy,  as 
predominant  organisms.  From  2 patients,  unusual  species  were  recovered 
antemortem  from  biopsy  specimens,  as  well  as  postmortem.  Twenty-three  iso- 
lates of  rarely  encountered  oxidative  organisms  were  predominant  strains  in 
tissue  from  13  autopsies.  There  were  4 species  of  Pseudomonas,  one  Aero- 
monas,  one  Flavobactrum,  one  Alcaligenes,  and,  for  convenience  in  listing, 
one  vibrio  species  (a  fermentative  genus)  . The  biopsy  of  Pseudomonas  cepacia 
was  not  followed  by  retrieval  of  cepacia  at  autopsy.  Four  patients  who  harbored 
Ps  maltophilia,  Herellea  and  Aeromonas  antemortem  did  not  show  the  species  at 
autopsy . 

In  1974,  with  improved  technics  and  experience  at  characterizing  oxidative 
organisms,  15  patients  on  the  burn  ward  were  found  to  harbor  oxidative  organ- 
isms, as  shown  in  Table  3.  Four  of  these  15  patients  expired.  In  2 of  them, at 
autopsy,  the  organism  which  had  been  found  in  life  was  not  again  recovered. 
There  were  9 different  species  recovered.  The  most  common  were  Acintobacter 
(formerly  Herellea)  and  Flavobactrum  species.  In  view  of  its  frequent  occurr- 
ence in  autopsy  tissues,  it  is  noteworthy  that  Ps  maltophi lia  was  recovered  in 
only  one  antemortem  sample. 

Autopsy  samples  still  yielded  more  oxidative  isolates  than  did  antemortem 
cultures.  Table  4 shows  oxidative  species  recovered  from  autopsies  in  1974 
These  were  all  dilution  plate  isolations , and  in  consequence  represent  samples 
in  which  the  strain  was  the  predominant  organism  There  were  32  patients  from 
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Table  3.  Nontermentmg  Species  of  Bacteria  Recover  rod 
f rom  Patients  on  Burn  Word,  1974 


No  . f 'atients  Positive  Source 


Species 


3 

1 

1 

i 


1 

2 


Biopsy 

Biopsy 

Biopsy 

Biopsy . wound 

Wound 

Blood 

Wound 

Stool 

Wound , sputum 


Aci netobacter  sp 
Alcaligenes  fecalis 
A i cu I i genes  denitrif icons 
Flavobac  triim  M B 
Aeromonas  sp 
Ps . maltophilia 
Ps.  fluorescens 
Ps  . testosteruni 

Ps  . aerugi  nosa , Apyocyanogeni  c 


whom  oxidative  species  were  isolated,  in  22  of  these  the  organisms  were  re- 
covered from  autopsy  material. 

Table  4.  Oxidative  Organisms  Isolated  from 
Autopsies,  1974 

Species 

Total  Patients 
Posi  ti  ve 

Liver 

Site  of  Isolation 
Spleen  Lung  Wound 

Alcaligenes  fecalis 

1 

1 

A.  deni  tri  fi cans 

1 

1 

A.odorans  var. vi ridans 

5 

1 

2 

3 1 

Acinetobacter  sp 

2 

1 

1 

Mima  polymorph  var. 

oxydans 

4 

2 

1 

1 1 

Ps  . ma  1 tophi  1 i a 

13 

5 

2 

6 3 

Ps . vesiculare 

2 

2 

Ps  . diminuta 

2 

1 

1 

Ps . putida 

1 

1 

Ps . stutzeri 

1 

1 

Ps . fluorescens 

1 

1 

Ps . Pseudoalcaligenes 

1 

1 

Ps  . T estosteroni 

1 

1 

Atypical  Ps . aeruginosa 

1 

1 

Flavobact.  II -B 

5 

3 

2 

Flavobact . 1 1 - K- 2 

3 

3 

1 


The  predominant  species  in  this  series  was  Ps . ma  I tophi  lia.  Next  in  fre- 
quency was  Alcaligenes  odor  a ns  var.  vi  ridans . The  remaining  species  were 
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r.uti  i t l.iti  vely  infrequent  in  occ  ur  rence  . ■ 

i 

A relati vely  high  proportion  of  patients  who  harbored  oxidative  species  j 

had  more  than  one  species  of  nonfermenter  present,  i.e.,  13  out  of  22.  j 

The  iiihiIk  ations  of  this  c ircumstance  are  provocative:  the  relatively  rare  j 

oxidative  species  are  concentrated  in  a small  proportion  of  burn  fatalities.  j 

It  is  as  thouejh,  if  the  soil  is  suitable  for  one  species,  that  other  oxidative  ] 

species  flock  to  the  site.  Ttie  distribution  of  oxidative  species  on  13  I 

patients  is  shown  in  Table  5.  There  were  only  2 patients  in  whom  ante- 
mortem and  postmortem  culture  findings  could  be  compared.  It  is  hoped 
that  with  inc  reasing  effort  and  experience,  more  such  cases  will  become 
aval  table . 


The  high  incidence  of  Ps  maltophi  lia  has  been  noted.  In  1973,  there 
were  12  patients  from  whom  maltophi  lia  was  recovered:  3 of  these  were 
trom  biopsy  of  patients  who  survived,  and  9 from  viscera  at  autopsy.  Of 
these  9,  there  were  5 with  the  lung  positive,  2 with  liver,  3 with  spleen, 
and  2 with  wound  positive  for  Ps^  maltophi  lia. 

In  1974,  15  patients,  including  one  who  survived,  were  positive  for 
Ps  maltophi  lia.  In  this  series,  liver  samples  were  positive  in  6 cases, 
spleen Tn  3,  lung  in  7,  and  wound  in  one.  This  is  a total  of  27  patients 
and  44  strains  recovered  from  171  autopsies.  This  is  ’C%  of  the  total 
autopsies;  it  is  a large  enough  figure  to  merit  further  observation  of  this 
oxidative  form. 

The  oranism  grows  readily  on  the  usual  laboratory  media  and  with 
experience  can  be  seen  in  mixed  cultures.  It  exhibits  a thin,  transparent 
colony  with  a yellow  to  brown  non-di ffusible  pigment.  This  brown  pigment 
can  be  enhanced  on  1%  Tyrosine  in  Tryptic  Soy  Agar.  The  characteristic 
recocjnition  reaction  is  the  ability  of  Ps  maltophi  lia  to  split  maltose.  If  it 
splits  glucose  the  reaction  is  late  and  weak.  The  organism  has  been  des- 
cribed elsewhere  (4)  as  causing  infections  in  post-surgical , periurethral 
and  scrotal  abcesses . The  possibility  of  Ps^  maltophi  lia  inciting  burn  wound 
sepsis  in  burned  rats  is  being  studied. 

The  incidence  and  site  of  recovery  of  other  oxidative  and  2 rate  fermen- 
tative genera  are  shown  in  Table  6.  Flavobacterum  II - B was  found  in  9 
patients;  Alcaligenes  odorans  var . vi  ridans  in  8,  and  others  in  not  more 
than  2 or  3 patients.  Flavobacterium,  obviously  still  subjudice  as  to 
speciation,  produce  a dramatic  yellow  to  orange,  water-insoluble  pigment. 
Indole  formation  has  been  ascribed  to  them,  but  our  strains  did  not  form  it. 

The  distribution  of  these  organisms  was  episodic;  periods  of  no  re- 
covery were  interspersed  with  clusters  of  positive  cultures.  The  pattern 
suggested  that  transmission  from  patient  to  patient  might  be  occurring 
Since  these  strains  grow  more  slowly  than  Enterobacteriaceae,  they  tend  to 
be  overgrown  by  the  gram  negative  flora  which  is  so  characteristic  of  I'urn 
wounds.  Since  the  organisms  were  in  most  instances  recovered  as  the  pre- 
dominant flora  on  a burn,  there  is  a strong  presumption  that  they  are  tar 
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more  common  in  the  burn  wound  then  has  thus  for  been  recognized.  In 
mixed  cultures  they  could  be  difficult  to  detect.  Further  efforts  will  be 
directed  toward  uncovering  this  group  of  organisms  in  burn  patients . They 
may  well  have  a greater  significance  in  burn  wound  infection  than  the 
present  number  of  isolates  would  indicate. 
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23.  (U)  Study  complement  compone'- ‘s  and  their  relationship  to  infection  in  the 
thermally  injured  soldier. 

24.  (U)  Obtain  prospective  serum  samples  on  thermally  injured  patients.  Measure 
total  complement  and  Cl,  C3,  C5,  C8  components  by  hemolytic  assay  before,  during  and 
if  possible,  subsequent  to  proven  septic  episodes  in  those  patients. 

25.  (U)  7k  07  - 75  06  Serial  assays  of  total  hemolytic  complement  in  five  burned 

patients  (mean  burn  size  56-')  revealed  that  complement  activity  was  normal  or 

elevated  in  each  patient  prior  to,  during  and  subsequent  to  (in  the  one  survivor) 
serious  bacterial  sepsis.  Complement  deficiency  would  not  seem  to  be  a serious 
factor  in  the  susceptibility  of  the  burned  patient  to  infection. 
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The  importance  of  total  hemolytic  complement  activity  in  the  thermally 
injured  soldier's  ability  to  resist  infection  is  unknown.  Such  activity  is  how- 
ever, required  for  optimal  phagocytic  function  and  host  resistance  in  other 
disease  states  and  experimental  situations.  In  this  study  we  measured  total 
hemolytic  complement  activity  in  5 burned  patients  before,  during,  and  after 
bacterial  sepsis  manifested  by  positive  blood  cultures  and  clinical  signs.  Four 
patients  (mean  burn  size  = 57%)  expired  and  one  (49%  total  body  surface  burn) 
survived.  Each  patient  had  normal  or  elevated  total  complement  activity  prior 

to  sepsis.  Although  complement  activity  fell  after  the  onset  of  infection  in  2 pa-  j 

tients,  at  no  time  did  the  levels  fall  below  those  found  in  healthy  normal  people 
similarly  assayed . 

Thus,  it  would  seem  that  complement  activity  in  seriously  burned  humans 
is  usually  normal  or  elevated  postburn.  The  levels  of  total  complement  found  in 
this  study  would  seem  to  make  individual  complement  component  deficiencies 
unlikely.  A lack  of  total  complement  activity  would  not  seem  to  be  a significant 
factor  in  the  increased  frequency  and  severity  of  infectious  complications  such 

patients  suffer . . 
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COMPLEMENT  COMPONENTS  IN  THE  THERMALLY  INJURED  SOLDIER 
(TOTAL,  C C C AND  C LEVELS)  AND  THEIR  RELATIONSHIP  TO 
BACTEREMIA  3 5 8 

The  role  of  complement  in  the  decreased  resistance  to  bacterial  infec- 
tions displayed  by  the  burned  soldier  has  been  studied  to  a limited  degree. 

The  scarcity  of  such  studies  has  been  related  to  the  complexity  of  assay  pro- 
cedures and  the  unavailability  of  reliable  and  reproducible  reagents.  With  the 
introduction  of  sensitized  sheep  red  cells  and  antibody  (Cordis  Laboratories, 
Miami,  Florida)  the  measurement  of  hemolytic  complement  activity  (as  opposed 
to  possibly  nonfunctional,  immunological ly  measured  complement)  nas  become 
feasible.  These  test  reagents  were  used  to  study  total  hemolytic  complement 
activity  in  five  seriously  burned  patients  (mean  burn  size  =56%  of  the  total  body 
surface)  by  Nelson's  modification  of  the  method  of  Kabat  and  Mayer  (1,2)  . Results 
are  expressed  as  the  complement  activity  which  facilitates  hemolysis  of  50% 

(CH,_0)  of  the  sensitized  sheep  red  cells  in  the  test  system  in  one  hour. 

Blood  was  drawn  prospectively  from  the  patients  and  allowed  to  clot 
in  glass  tubes  at  25%  C for  90  minutes.  It  was  then  centrifuged  at  2000  C for 
20  minutes  and  the  serum  stored  at  -70  C until  assayed.  Blood  from  22  normal 
volunteers  was  drawn  and  tested  similarly.  An  aliquot  of  serum  from  a single 
normal  sample  was  run  with  each  group  of  patient  samples  to  serve  as  an  inter- 
nal control  and  to  allow  for  the  use  of  various  lots  of  sheep  red  cells  in  the  test 
system.  Patients  were  judged  to  be  septic  when  they  had  blood  cultures 
positive  for  bacteria  and  symptoms  or  signs  compatible  with  that  diagnosis. 

Complement  levels  and  infections  in  individual  patients  are  shown 
in  Figures  1-5.  Normal  complement  activity  (with  95%  confidence  limits)  are 
shown  by  stippling.  Patients  were  septic  on  the  days  indicated  by  arrows  or 
on  each  day  within  the  bracketed  arrows.  The  distribution  of  all  complement 
levels  related  to  the  day  postburn  (Fig. 6)  or  to  the  presence  of  infection  (Fig. 7) 
are  also  shown.  Two  of  the  four  patients  who  expired  at  15  and  75  days  post 
f burn  respectively.  Both  were  judged  to  have  died  with  septic  complications 

: (Klebsiella  and  pseudomonas  pneumonia,  U.S.  Army  Institute  of  Srugical  Re- 

search Autopsy  Reports  A-24-74  and  A-35-74)  . 

DISCUSSION 

Complement  activity  has  been  more  celarly  defined  in  the  last  several 
years.  The  participation  of  complement  in  various  aspects  of  inflammatory 
reactions  has  been  partially  characterized  (3)  . This  study  focused  on  the 


1.  Nelson  RA,  Jensen  J,  Gigli  I,  Tamura  N:  Methods  for  the  separation 
purification,  and  measurement  of  nine  components  of  hemolytic  components  in 
guinea  pig  serum . Immunochem  3: 111-135,  1966. 

2.  Kabat  EA,  Mayer  MM:  Complement  and  complement  fixation.  Chap  4, 
Experimental  Immunochemistry . Second  edition,  Springfield,  Illinois,  Charles 
C.  Thomas,  11:133-240,  1961. 

3.  Ruddy  S,  Gigli  I,  Austen  KF:  The  complement  system  of  man.  N. 
Engl.  J.  Med.  287:  489-495,  1972. 
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Figure  3.  Total  hemolytic  complement  following  thermal  injury.  £ 
episodes  manifested  by  clinical  symptoms  and  bacterem 
indicated  by  vertical  arrows. 
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functional  levels  of  complement  before,  at  the  time  of,  and  after  serious 
bacterial  infection.  In  none  of  our  patients  was  there  an  overall  deficiency 
of  potential  complement  activity  at  any  time  during  their  hospital  course. 
Although  individual  complement  components  might  have  been  low  with 
elevated  compensatory  levels  of  other  components,  this  is  unlikely  and  did 
not  appear  to  be  a factor  contributing  to  the  fatal  infections  afflicting  4 pa- 
tients. In  view  of  the  markedly  elevated  total  complement  levels  and  the 
known  synchrony  by  which  the  complement  components  activate  one  an- 
other (4),  there  was  sufficient  complement  activity  in  these  patients  to 
allow  optimal  function  of  this  important  enzymatic  system  in  their  response 
to  bacterial  infections. 


PUBLICATIONS  AND/OR  PRESENTATIONS: 
None 


f 


4.  Kohler  PF:  Editorial  Note:  Ann.  Intern.  Med.  82:  420-421.  1975. 


207 


RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


4.  O A T E PR(V  SUlWRY  4 NINO  OF  SUMMARY 

74  07  01  D.  CHANGE 


6 I 1 02A 


report  comTmoL  trmaoL 

W) -l>K\h'AK'.h  ih 


■ t,tLI  »u>  (y)  studies  of  Disturbance  of  Protein  Turnover  in  Burned 

Troops-Use  of  An  Animal  Mode  I (44) 


12  SCIENTIFIC  AND  Tf  CHNOLOGIC  AU  ARIAS’ 

003500  Clinical  Medicine 


ir  RESOURCE s ESTIMATE  J 

eiscal 

75 

TEAR 

76 

FOREIGN  INTELLIGENCE  NOT  CONSIDERED 


VWOROS  (Frmcmdm  BA  CM  5*«« rttf  Cld»*lttcotl 


(U)  Protein;  (u)  Burn;  (U)  Trauma;  (U)  Turnover;  (U)  Rats;  (U)  Albumin 

21  TECHNICAL  OBJECTIVE.*  J4  APPROACH.  2S  PROGRESS  TPum/MY  para«r«pA*  JrfanllM**  fr?  n>Mtb«r  prmtmdm  ft  ol  math  wit,  Jaewrirv  c»«*«  > 

23.  (U)  To  determine  the  cause  of  the  dysprote i nemi a observed  following  burn  injury 
and  to  determine  if  the  more  marked  dy sprote i nemia  seen  in  the  presence  of  infection 

of  the  burn  wound  is  an  effect  caused  by  some  action  of  the  bacteria.  It  is  hoped  that 
this  will  aid  in  understanding  similar  changes  which  are  observed  in  burned  soldiers. 

24.  (U)  The  amount  of  ( 2— 1 4c ) glycine  incorporated  into  the  serum  proteins  of  burned, 
bu rned- i nfected,  treated  burned- i nfec ted  , and  control  rats  has  been  measured.  The  body 
distribution  of  albumin  was  determined  by  radioimmunoassay  using  extracts  of  tissues 
obtained  on  the  sixth  day  postburn.  Measurements  of  14C  incorporation  at  the 
subcellular  level  will  be  dme  to  confirm  the  in  vivo  findings. 

25.  (U)  74  07  - 75  06  The  albumin  content  has  been  measured  in  blood  and  tissues  of 

groups  of  control,  burned,  and  bu rned- i nfec ted  rats.  The  albumin  content  of  the  burn 
wound  tissue  was  much  greater  than  control  values  of  unburned  skin.  The  albumin  content 
of  unburned  skin  and  carcass  of  the  injured  rats  were  equal  to  control  values.  The 
increased  albumin  content  of  the  burn  wound  persisted  in  spite  of  the  lowered  plasma 
albumin  pool  size.  The  tissue  albumin  had  molecular  size  and  immunoreact i vi ty 
characteristic  of  native  albumin.  The  study  of  protein  turnover  is  continuing. 
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Measurement  of  incorporation  of  (2-  CJglycine  into  serum  proteins  of 
control,  burned,  burned- infected , and  burned-infected  rats  which  had  been 
treated  by  topical  application  of  10%  mafenide  acetate  ointment  was  used  to 
estimate  serum  protein  synthesis  on  the  sixth  day  postburn.  The  relative 
specific  activity  of  all  of  the  protein  fractions  except  gamma  globulin  was 
higher  in  serum  from  the  injured  rats.  Mafenide  acetate  treatment  reduced 
the  mortality  of  the  burned-infected  rats  but  did  not  prevent  a marked  decrease 
in  serum  albumin  concentration . 

Whole  body  albumin  was  determined  by  radioimmunoassay  using  extracts 
of  individual  tissues  of  rats  or  of  blood-free  eviscerated  rat  carcasses.  The 
albumin  content  of  the  burned  rats'  viscera  was  lower  than  that  of  the  control 
rats  . The  albumin  content  of  the  skin  from  the  burn  wound  contained  3 . 5 
times  as  much  albumin  as  that  of  the  controls.  Albumin  contents  of  carcass 
and  unburned  skin  were  equal  to  control  values.  The  total  body  albumin  of 
the  injured  rats  was  higher  than  that  of  the  control  rats,  despite  their  depleted 
plasma  albumin  pool.  The  tissue  albumin  was  shown  to  be  immunoreacti ve 
and  of  large  molecular  size. 

This  study  shows  that  the  low  plasma  albumin  pool  size  of  burned  and 
burned-infected  rats  is  not  caused  by  a lowered  synthetic  rate  but  by  changes 
in  albumin  compartmentation  in  the  tissues.  We  propose  that  this  is  a result 
of  disruption  of  the  integrity  of  the  burned  tissue  due  to  the  rapidity  of  the 
influx  of  fluid  immediately  after  burn  injury. 

Protein  Burn  Trauma 

Turnover  Rats  Albumin 
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STUDIES  OF  DISTURBANCE  OF  PROTEIN  TURNOVER 
IN  BURNED  TROOPS  - USE  OF  AN  ANIMAL  MODEL 


The  serum  protein  changes  which  occur  in  man  following  burn  injury  are 
well  documented  (14,21,23)  and  include  a progressive  decrease  in  the  albumin 
an  increase  in  the  alpha  globulin,  and  either  no  change  or  a slight  increase  in 
the  beta  and  gamma  globulin  concentrations.  Similar  changes  occur  in  the 
serum  protein  concentrations  of  rats  after  burn  injury;  they  are  more  extreme 
when  the  burn  wound  is  seeded  with  Pseudomonas  aeruginosa  (1)  . 

Elevated  serum  alpha  globulin  concentration  after  injury  is  in  part  due 
to  increased  synthesis  of  glycoproteins  (9).  The  prolonged  postburn  decrease 
in  serum  albumin  has  been  attributed  to  loss  of  albumin  into  or  from  the  burn 
wound  (6,10,20),  to  increased  catabolism  (5,10),  or  to  decreased  synthesis 
(13,27)  . 


14.  Lanchantin  GF,  Deadrick  RE:  Serum  protein  changes  in  thermal 
trauma:  I . Electrophoretic  analysis  at  pH  8.6.  J Clin  Invest  37:  1736-1745, 1958. 

21.  Perlman  GE,  Glenn  WWL,  Kaufman  P:  Changes  in  the  electrophoretic 
patterns  in  lymph  and  serum  in  experimental  burns . J Clin  Invest  22:  627-633, 
1943. 
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Studies  which  have  determined  synthetic  rind  catabolic  rates  from  plasma 
disappearance  rates  of  injected  labeled  protein  following  injury  are  difficult 
to  interpret  since  the  subjects  were  not  in  a steady  state.  They  are  further- 
complicated  in  burn  patients  by  intravenous  fluid  and  colloid  replacement 
therapy  which  must  be  continued  for  some  time  after  injury. 

Our  object  was  to  determine  the  relative  contributions  of  synthesis  and 
body  distribution  to  the  prolonged  depression  of  the  plasma  albumin  pool 
following  burn  injury.  In  order  to  avoid  some  of  the  problems  inherent  in 
disappearance  strides,  we  have  used  an  experimental  rat  burn  model  in  which 
incorporation  of  (2-  C) glycine  into  serum  proteins  was  used  to  estimate 
synthesis.  The  distribution  of  albumin  in  blood  and  tissues  was  determined 
by  direct  measurement  using  a radioimmunoassay  technic. 

MATERIALS  AND  METHODS 

Standard  Burn  (32).  Young  male  Sprague- Daw  ley  rats  (Holtzman, 
Madison,  Wis.)  weighing  from  180-200  gm  were  anesthetized  with  sodium 
pentobarbital  administered  intraperitoneal ly  (1  mg/25  gm)  . Burns  w'ere  in- 
flicted on  the  dorsum  after  the  hair  was  clipped  with  a No.  40  blade  in  an  Oslc- 
animal  clipper.  The  animal  was  held  in  a protective  template  which  limited 
the  area  of  exposure  while  the  area  to  be  burned  was  immersed  in  boiling 
water  for  10  seconds.  This  procedure  produces  a uniform  full-thickness  burn 
with  sharp  margins. 

Croups  of  rats  were  subjected  to  the  following  treatments: 

Group  B:  Full-thickness  burn  of  20%  of  the  body  surface;  expected 

mortality  rate  less  than  10%  (16). 

Group  Bl  (Burned-Infected):  An  equivalent  burn  which  was  immediately 
seeded  with  one  ml  of  an  18-hour  T rypticase  soy  broth  culture  of  Ps  aeruginosa 
£(SRU-  1 2-4- 4-  (59) J which  contained  approximately  10°  organisms  (31 ) ; expec  tod 
mortality  rate  85-90%  (16)  . 

Group  BIS:  Burned  and  infected  as  in  Group  Bl  but  treated  beginning 
24  hours  postburn  vj^th  daily  topical  applications  of  3.5  gm  of  10%  mafenide 
acetate  (Sulfamylon  Cream,  Winthrop  Laboratories,  New  York) ; expected 
mortality  rate  less  than  10%  (16). 

Group  C:  Stock  rats  of  equivalent  size  and  age  were  used  as  controls. 


32.  Walker  HL,  Mason  AD,  Jr:  A standard  anim.il  hurn.J  Trauma  8:  1049- 
1051,  1968. 

16.  Lindberg  RB,  Moncrief  JA,  Mason  AD,  Jr:  Control  of  experimental 
and  clinical  burn  wound  sepsis  by  topical  application  of  Sulfamylon  compounds. 
Ann  NY  Acad  Sci  150:950-960,  1968. 

31.  Walker  HL,  Mason  AD, Jr,  Raulston  GL  Surface  infection  with 
Pseudomonas  aeruginosa.  Ann  Surg  160:  297  305 . 1964. 
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The  ruts  were  housed  in  individual  cages  arid  given  free  access  to  food 
(Purina  Lab  Chow)  and  water  until  sacrifice. 

Radioactivi ty  Measurements . A Tricarb  Liquid  Scintillation  counter,  a 
Model  3002  Auto- Gamma  Counter,  scintillation  counting  vials,  and  polystyrene 
counting  tubes  were  obtained  from  Packard  Instruments , Inc . , Downer's  Grove, 
III.  Scintillator  compounds  were  also  obtained  from  this  source.  All  other 
chemicals  were  reagent  grade. 

Toluene  scintillator  solution  contained  4 gm  2 , 5-dipheny  loxazole  (PPO) 
and  100  mg  2 , 2-p-pheny  lepebis  (jj-phenyloxazole)  (POPOP)  made  to  one 
liter  with  toluene.  For  counting  C protein  on  paper  electrophoresis  strips, 
each  paper  strip  was  placed  in  10  ml  toluene  scintillator  solution.  Counting 
efficiency  was  20%. 

Bray's  scintillator  solution  (7)  contained  60  gm  naphthalene,  4 gm  PPO, 

0.2  gm  POPOP,  100  ml  absolute  methanol,  20  ml  ethylene  glycol,  made  to  a 
volume  of  one  liter  with  dioxane.  Aqueous  samples  (1  ml)  were  counted  using 
14  ml  Bray's  solution.  Counting  efficiency  was  38%. 

All  samples  for  liquid  scintillation  counting  were  held  in  the  refrigerated 
counting  compartment  for  sufficient  time  to  become  dark  adapted  and  tempera- 
ture equilibrated  before  counting  was  begun. 

1_5I  and  1j1I  content  of  radioimmunoassay  samples  and  of  tissue  extracts 
were  determined  with  the  Auto-Gamma^unter  set  to  disjcr^minate  between  the 
two  isotopes.  Counting  efficiency  for  I was  60%;  for  u I,  40%. 

Statistical  counting  error  for  all  samples  was  2-5%. 

1 4 

(2-  C)  glycine  incorporation  Experiments . On  the  fifth  or  sixth  day  post- 
burn, 20  uCi  of  (2-  C)glycine  (sp.act.  21-22  mCi/mM,  New  England  Nuclear, 
Boston,  Mass . ) in  0. 5 ml  0.  15  M NaCI  was  injected  into  the  tail  vein  of  each 
rat.  Blood  samples  were  withdrawn  from  the  tail  vein  or  heart  at  30,  60,  or 
150  minutes  after  the  injection.  The  blood  was  allowed  to  clot;  the  serum  was 
separated  and  stored  at  4°C. 

Paper  Electrophoresis.  Spinco  Model  R electrophoresis  units.  Model  RB 
Analytrol  scanning  densitometer,  paper  strips  (S&S  2043a  mgl),  and  B-2 
barbital  buffer  were  products  of  Spinco  Division,  Beckman  Instruments,  Inc.  , 
Palo  Alto,  CA.  The  electrophoretic  separation  was  performed  in  barbital 
buffer,  pH  8.6,  1=  0.075,  at  a constant  current  of  3.5  mA  per  unit  for  16  hours. 
Filter  paper  wetted  with  buffer  was  pi  iced  in  the  end  plates  of  the  tank  cover 
to  prevent  drying  of  the  strips  during  the  run.  At  the  end  of  the  run,  the 
strips  were  removed  and  dried  in  an  oven  at  110-120°C  for  30  minutes.  Two 


7.  Bray  GA:  A single  efficient  liquid  scintillator  for  counting  aqueous 
solutions  in  a liquid  scintillation  counter.  Anal  Biochem  l:27'l  285,  1460 
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strips  (10  ul/strip)  prepared  from  each  serum  sample  were  stained  with 
alcoholic  bromphenol  blue  (1  gm/liter  of  absolute  methanol)  , rinsed  in  5% 
acetic  acid,  dried,  and  scanned  in  the  Analytrol  to  determine  the  relative 
concentrations  of  the  various  fractions. 

Two  strips,  to  each  of  which  20  ul  of  serum  had  been  appliej^,were  washed 
extensively  in  2%  acetic  acid  solution  to  remove  unincorporated  C before 
they  were  immersed  briefly  in  a solution  containing  20  mg  nigrosin  per  liter 
of  2%  acetic  acid.  The  strips  were  subsequently  carried  through  three  more 
10-minute  2^  acebc  acid  rinses,  blotted,  and  dried.  Nigrosin  does  not  readily 
penetrate  dense  bands  of  protein,  so  only  the  margins  of  the  bands  were 
stained.  This  was  sufficient  to  assure  accuracy  in  cutting  the  bands  apart  but 
did  not  decrease  the  efficiency  of  the  scintillation  counting.  The  radioactivity 
on  the  pieces  of  paper  containing  each  protein  fraction,  was  determined  by 
liquid  scintillation  counting;  a segment  of  the  paper  containing  no  protein 
was  used  for  background  correction.  The  cpm  for  the  five  fractions  from  each 
strip  (corrected  for  background)  were  summed  and  the  percentage  of  the  total 
cpm  in  each  fraction  was  calculated. 

1 4 

Total  C content  of  the  serum  wcj^ ^ietermined  using  0.05  ml  serum  di luted 
to  one  ml  with  0.15  M Nacl.  The  total  C incorporated  was  measured  on  an 
aliquot  of  the  serum  which  had  been  passed  through  a 1 x 10  cm  column  of 
SephadexG-25  (Pharmaipra,  Piscataway,  NJ)  equilibrated  with  0.15  M NaCI  to 
remove  unincorporated  C.  The  protein  concentration  of  the  serum  and  eluate 
was  determined  by  a biuret  procedure  (34)  . An  aliquot  of  the  eluate  contain- 
ing an  amount  of  protein  equivalent  to  that  contained  in  0.05  ml  of  the  untreated 
serum  was  di  luted  to  one  ml  with  0.15  M NaCI , Bray's  solution  was  added  and 
the  samples  were  counted  as  described  above.  Standards  prepared  from  the 
injection  solution  were  included  with  each  run. 

The  ratio  of  the  protein  concentrations  in  the  serum  and  eluate  was  used 
to  convert  the  cpm  of  the  eluate  to  the  equivalent  cpm/ml  serum.  This  value 
multiplied  by  the  percentage  of  the  total  cpm  present  in  each  electrophoretic 
fraction  gave  the  cpm/ml  serum  incorporated  into  each  of  the  fractions. 

The  final  results  were  expressed  as  relative  specific  activity  (RSA)  which 
is  equal  to 


(cpm/100  mg  protein)  / (cpm  injected  per  gm  rat  weight). 

This  provides  a correction  for  small  differences  in  the  animals'  weights  (33)  . 


34.  Weichselbaum  TE:  An  accurate  and  rapid  method  for  the  determination 
of  proteins  in  small  amounts  of  blood  serum  and  plasma.  Am  J Clin  Path  16 
(Tech  Sec  10):  46-49,  1946. 

33.  Walter  H,  Haurowitz  F,  Fleischer  S,  Lietze  A,  Cheng  HF, Turner  JE, 
Friedberg  W:  The  metabolic  fate  of  injected  homologous  serum  proteins  in 
rabbits.  J Biol  Chem  224:  107-1  19,  1957. 


Total  Body  Albumin  Experiments.  Control,  bur  not  I,  .md  l«mmi  t.  ,i 

animals  models  were  the  same  as  those  described  above  Amm  o-  >• 
sacrificed  on  the  fifth  or  sixth  day  postburn. 

Extraction  of  Albumin  from  Tissues.  The  following  pr<>, . ! ■ 
tially  the  same  as  those  described  by  Sellers,  Katz,  et  al  i t.’ 

On  the  day  before  sacrifice,  the  hair  was  removed  Imm  • 
clippers.  The  next  day  each  rat  was  weighed,  and  0.  I u(  t ' t - • 

serum  albumin  (Abbott  Laboratories,  Chicago,  III.)  was  m|u  i«  •!  < • •• 

vein.  The  rat  was  anesthetized  with  methoxyflurane,  the  ih.-f  ^ ...  , 

opened,  and  an  18-gauge  intravenous  catheter  placement  unit  w.e  m ..  >!•■! 
into  the  heart  or  aorta.  As  much  blood  as  possible  was  withdrawn  ( are  v\as 
taken  to  obtain  a sample  within  3 to  6 minutes  after  the  injection  for  detcrmmu 
tion  of  plasma  volume  by  isotope  dilution.  Through  the  cannula,  which  hud 
been  left  in  place,  20-30  ml  of  heparinized  saline  (4000  units  sodium  heparin/ 
liter  0.  15  M NaCI)  was  alternately  injected  and  aspirated.  This  procedure 
reduced  the  amount  of  residual  plasma  albumin  in  the  tissues  to  minimal  values. 

For  some  experiments  the  rat's  blood-free  body  was  divided  into  viscera, 
whole  skin,  or  burn  eschar  and  unburned  skin,  and  carcass  (skinned-eviscer- 
ated body)  . In  other  experiments,  the  whole  eviscerated  blood-free  body  was 
processed  as  a single  sample.  The  individual  tissues  were  weighed  before  they 
were  placed  in  containers  in  an  ice  bath. 

The  carcass  or  eviscerated  body  was  ground  twice  through  a meat  grinder 
before  a 25  gm  portion  was  taken  for  extraction.  The  other  tissues  were  minced 
and  the  entire  tissue  sample  was  homogenized.  The  tissues  were  homogenized 
in  approximately  9 volumes  of  ice  cold  0.  15  M NaCI  containing  one  gram  deoxy- 
cholate  per  liter,  pH  8.0,  using  a Polytron  Model  PT  10-30  and  PT35-ST  gener- 
ator (Brinkmann  Instruments,  Inc.,  Westbury,  NY).  The  sample  container 
was  kept  in  an  ice  bath  while  the  homogenizer  was  operated  at  setting  No.  7 
for  one  minute.  The  container  was  swirled  in  the  ice  bath  for  two  minutes 
before  a second  one-minute  homogenization  was  done.  The  homogenates  were 
then  adjusted  to  an  approximately  10%  (w/v)  suspension;  the  exact  tissue  con- 
tent was  calculated  from  the  analytical  weight  measurements.  The  homogenates 
were  transferred  to  polycarbonate  tubes  and  immediately  centrifuged  for  30 
minutes  at  12,000  g at  4 C (Type  30  rotor,  Beckman  LS-50  preparative  ultra- 
centrifuge). A 2 ml  sample  of  each^  |^<tract  was  transferred  to  a polystyrene 
counting  tube  for  determination  of  J I content.  This  value  and  the  specific 
activity  of  the  plasma  albumin  were  used  to  correct  for  residual  plasma  albumin 
in  the  extracts.  Several  aliquots  of  each  extract  were  quick-frozen  by  placing 
the  tubes  in  an  isopropyl  alcohol-dry  ice  bath.  The  tubes  were  tightly  capped 
and  stored  at  -20°C. 


12.  Katz  J,  Bonorris  C,  Golden  S,  Sellers  AL:  Extravascular  albumin  mass 
and  exchange  in  rat  tissues.  Clin  Sci  39:  705-724,  1970. 

28.  Sellers  AL,  KatzJ,  Bonorris  G,  Okuyama  S:  Determination  ot 
extravascular  albumin  in  the  rat.  J Lab  Clin  Med  68:  177-185,  1966. 
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Radioimmunoassay  Rut  albumin  for  standards  and  labelling  was  isolated 
by  an  alcohol  TCA  extraction  proce^yre  (28)  from  freshly  drawn  normal  rat 
serum.  Albumin  was  labeled  with  I (carrier  free.  New  Lnglarj^Nuclear . 
Boston,  Mass.)  by  an  iodine  monochloride  procedure  (18)  . Free  I was  re 
moved  by  passing  the  solution  through  a small  column  of  Amberlite  IR  -4B  whid 
had  been  pretreated  with  histidine  buffer  and  0.15  M NaCI.  Albumin  conceit' 
tration  of  the  eluate  was  determined  from  its  absorbance  at  179  nm  (22)before 
0.  1 volume  normal  rabbit  serum  was  added  to  protect  the  albumin  from  radia- 
tjiep  damage.  Specific  activi^y^averayed  40-50  uCi  per  my  albumin  and  free 
I was  less  than  27,.  The  l-labeled  rat  albumin  migrated  with  the  control 
albumin  blind  when  mixed  with  normal  rat  serum.  When  crossover  electro- 
phoresis with  rabbit  antiserum  to  rat  albumin  was  performed  on  cellulose 
acetate  plate,  the  labeled  albumin  was  retained  in  the  gamma  globulin  area. 

Radioimmunoassay  buffer  (RIA-buffer)  was  0.05  M borate,  0.1  M NaCI, 
pH  8.5.  A solution  (NRS  buffer)  containing  one  volume  normal  rabbit  serum 
(NRS)  and  9 volumes  RIA  buffer  was  used  as  diluent  for  all  reagents  and 
samples  used  in  the  tests.  Normal  rat  serum  (Pentcx,  Miles  Laboratories, 
Kankakee,  III.),  which  had  been  standardized  both  by  electrophoresis  and 
by  radioimmunoassay  using  rat  albumin  standards,  was  used  routinely  for  the 
preparation  of  the  standard  curve. 

The  antigen  binding  capacity  of  the  rabbit  antiserum  to  rat  albumin 
(Capped  Laboratories,  Downingdon,  PA)  was  determined  by  Farr's  procedure 
in  which  the  antiserum  content  is  varied  and  the  labeled  antigen  content  is 
held  constant  (11). 

On  the  day  the  RIA  was  to  be  performed,  the  frozen  extracts  were  thawed 
in  the  cold  and  recentri fuyed  before  analysis.  The  antiserum  was  diluted  so 
that  0.05  ml  would  precipitate  approximately  3 uym  albumin.  The  ^Jl  labeled 
rat  albumin  was  diluted  so  that  0.05  ml  contained  approximately  15,000  cpm. 

All  tests  were  performed  in  triplicate  and  all  reagents  and  samples  were  main 
tained  at  0-4  C until  they  were  finally  transferred  to  counting  tubes. 

Samples  of  the  tissue  extracts  or  diluted  plasma  samples,  estimated  to 
contain  5-15  uym  albumin,  and  standards  containing  4,0,8,  12,  and  10  uym 
albumin  were  placed  in  12  x 75  mm  polystyrene  test  tubes.  NRS  butter  was 
added  to  bring  the  volume  of  each  to  0.2  ml.  Precision  syringes  equipped 
with  hand  operated  repealing  dispensers  (Hamilton  Co.,  Reno,  Nev.)  were 


18.  McFarlane  AS:  In  vivo  behavior  of  I fibrinogen  J Clin  Invest  42: 
346-301,  1963. 

22.  Peters  T,  Jr:  The  biosynthesis  of  rat  serum  albumin. I.  Properties  of 
rat  albumin  and  its  occurrence  in  liver  cell  tractions. J Biol  Chem  237  1 181 
1185,  1902. 

11.  FarrRS:  determination  of  antigen  binding  rapacity  . In:  Methods  in 
immunology  and  lni»mjnochemislr^.  Reactions  of  antibodies  with  soluble  antigens, 
Ldited  by  C.A.  Williams  f,  MW.  Chase,  New  York  Academic  Press,  1971,  Vol 
III  , p.  00  73. 
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used  to  dispense  first  0.05  ml  diluted  l-labeled  rat  albumin,  and  then  0.05 
ml  diluted  antiserum  to  each  tube.  A normal  serum  control  containing  NRS 
instead  of  antiserum,  and  an  antiserum  control  to  which  no  unlabeled  rat 
albumin  was  added,  were  included  in  each  run.  After  mixing,  the  tubes  were 
capped  and  incubated  in  the  refrigerator.  The  next  morning  0.5  ml  of  a 2.5 
M (NH  ) SO  solution  (prepared  by  mixing  64  ml  of  (NH  solution, 

saturated  at  4°C,  with  36  ml  of  the  RIA  buffer)  was  added  to  each  tube.  The 
contents  were  mixed  and  allowed  to  stand  for  30  minutes  before  they  were 
centrifuged  in  a Sorvall  RC-3  centrifuge  at  1600  g for  30  minutes.  The  super- 
nateSj^ere  decanted,  and  0.5  ml  of  each  were  transferred  to  polystyrene  tubes. 
The  i content  was  measured  in  a Packard  Model  3002  Auto-Gamma  Spectro- 
meter. 

Calculations . Various  transformations  of  the  data  were  made  in  an  attempt 
to  extend  the  linear  portion  of  the  standard  curve.  The  best  fit  was  achieved 
using  a logit  transformation  (25)  , and  deriving  separate  regression  equations 
for  the  lower  and  upper  halves  of  the  curve.  These  calculations  were  pro- 
gramed on  magnetic  cards  for  a Hewlett  Packard  9810A  calculator  in  such  a way 
that  the  regression  equatiot^for  the  standard  curve  were  first  derived  and 
stored.  Upon  entry  of  the  z:>l  cpm  of  the  test  supernate,  the  choice  of  the 
proper  regression  equation  and  the  corrections  for  the  control  values  were 
made  automatically,  and  the  mean  ^kj>umin  content  of  th^ybe  was  printed  out. 

In  subsequent  steps,  entry  of  the  I cpm/ml  extract,  I cpm/ml  plasma, ugm 
albumin/ml  plasma,  and  gm  tissue  per  ml  extract  yielded  a value  for  the  ugm 
albumin/gm  tissue  corrected  for  residual  plasma  albumin  in  the  extracts.  The 
final  conversions  to  whole  body  albumin  content  and  mg  albumin/ 100  gm  rat 
weight  were  performed  manually. 

Additional  Procedures.  Aliquots  of  representative  tt^^je  extracts  were 
ultrafi  Itered  by  centrifugation  at  4 C in  Amicon  Centriflo  membrane  ultra- 
filters  (Amicon  Corp,  , Lexington,  Mass)  . These  filters  are  rated  to  retain 
molecules  above  50,000  molecular  weight  when  forces  of  less  than  1000  g are 
applied.  Aliquots  of  the  ultrafiltrates  were  tested  in  the  standard  RIA  system. 

The  material  retained  on  the  fi Iters  was  washed  onc^-)Qji th  0 . 1 5 M NaCI , 
recentrifuged,  and  then  concentrated  in  Amicon  Minicon  -B  Concentrators 
( retention  rating  -15,000  molecular  weight)  . The  proteins  in  the  concentrated 
extracts  were  separated  by  electrophoresis  on  78  x 98  mm  Titan  III  cellulose 
acetate  plate  (Helena  Laboratories , Beaumont,  TX)  in  Helena  HR  buffer  (Tris- 
barbi tal , pH  8.8,  I - 0.04)  at  a constant  current  of  6 mA  per  plate  for  30  minutes . 
Duplicate  plates  were  electrophoresed  and  normal  control  rat  serum  was  run 
with  each  group  of  extracts . After  separation,  one  plate  was  stained  with 
Ponceau  S for  protein  visualization.  Antisera  to  whole  rat  serum,  rat  albumin, 
and  rat  IgG  were  applied  to  the  other  plates;  the  plates  were  immersed  in  liquid 
petrolatum  for  24-48  hours  for  immunodiffusion.  The  plates  were  rinsed  in 
petroleum  ether  to  remove  the  oil,  then  in  buffered  0.  15  M NaCI  (25  ml  electro- 
phoresis buffer/liter  0.  15  M NaCI)  to  remove  unreacted  protein,  and  were 


25.  Rodbard  D,  Bridson  W,  Rayford  PL:  Rapid  calculation  of  radioimmuno- 
assay results.  J Lab  Clin  Med  74  770-  781,  1969. 
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stained  with  dilute  Ponceau  S or  nigrosin. 

Some  of  the  concentrated  extracts  and  serum  samples  were  electrophoresed 
on  1 x 3 inch  cellulose  acetate  strips  (1.5  mA  per  strip  for  30  minutes)  .stained 
wit))  Ponceau  S,  cleared,  and  scanned  in  a Gelman  integrating  recording 
densitometer . 

Statistical  Procedures . The  significance  of  the  differences  between  the 
treatment  groups  was  determined  by  analysis  of  variance.  Using  the  procedure 
outlined  in  Steel  and  Torrie  (29)  , a computer  program  was  devised  which  per- 
mitted comparison,  with  or  without  transformation  of  the  data,  between  groups 
of  unequal  size.  Where  noted  below,  the  data  were  transformed  to  Naperian 
logarithms  (m)  before  analysis  to  minimize  heterogeneity  of  variance  (9)  .Data 
were  analyzed  from  a remote  teletype  terminal,  linked  by  an  acoustic  telephone 
coupler  to  a Honeywell  635  computer  at  Griffis  AFB,  Rome,  NY, 

RESULTS 
1 4 

(2  Gjglydne  incorporation . The  mean  serum  protein  concentrations  of 
groups  of  control  and  injured  rats  are  shown  in  Table  1 . The  albumin  levels 
were  slightly  depressed  in  the  burned  rats  and  were  mark^lly  lower  in  the 
burned- infected  rats.  Although  treatment  with  Sulfamylori  decreased  the 
mortality  rate  of  burned -infected  rats,  the  treated  rats'  scrum  albumin  levels 
were  almost  as  low  as  those  of  the  untreated  group  .The  alpha- 1 , alpha-2 , and  beta 
globulin  concentrations  were  much  higher  in  the  serum  of  the  infected  rats  . The 
total  protein  levels,  and  gamma  globulin  levels  of  the  four  groups  of  rats  were 
not  significantly  different.  The  plasma  volumes  of  the  burned-infected  rats 
were  about  1 . 1 times  those  of  the  other  groups,  a small,  but  statistically 
significant  increase. 

The  relative  specific  a^Jivity  (RSA)  of  the  serum  proteins  determined  150 
minutes  after  injection  (2-  C)glycine  is  shown  in  Table  2.  This  time  was  first 
chosen  for  measurement  because  it  had  been  reported  to  be  the  time  of  maximum 
incorporation.  The  RSA  values  for  all  fractions  were  greater  than  control 
values;  those  of  the  burned- i^octed  group  showed  the  greatest  increase. 
Because  there  was  little  free  C remaining  in  the  plasma  of  the  injured  rats  at 
150  minutes  after  injection  we  then  measured  RSA  at  30  and  (>0  minutes  to  see 
if  lack  of  labeled  precursor  hud  limited  incorporation.  In  the  meantime,  the 
Institute  had  begun  to  test  the  effectiveness  of  topical  Sulfamylon  treatment  on 
infection  in  burn  injury  and  we  added  a group  of  treated  burned  infected  rats 
to  the  s tudy  . 


29.  Steel  RGU,  Torrie  Jll:  Principles  and  Procedures  of  Statistics.  New 
York , McGraw  Hill,  1960,  p.  lU'TPTT 
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4 12k  1 3 ii , 1946. 
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The  of  the  serum  proteins  measured  at  30  and  60  minutes  after  injec- 
tion of  (2-  4C)  glycine  is  shown  in  Tables  3 and  4.  The  RSA  values  of  all  the 
proteins  exceot  gamma  globulin  were  1.5  times  higher  in  the  burned  rats  than 
in  the  controls.  The  RSA  of  all  the  proteins  of  the  burned-infected  rats  were 
2.5  to  3 times  control  values;  those  of  the  Sulfamylon  treated  group  were 
about  twice  control  values.  The  limitations  of  using  RSA  values  to  estimate 
synthesis  rates  will  be  discussed  below. 

Table  5 shows  the  percentage  of  total  serum  (^Ojp^rotein  in  each  electro- 
phoretic fraction.  Not  only  was  a greater  quantity  of  4C  incorporated  into 
serum  protein  by  the  injured  animals  but  its  distribution  among  the  fractions 
was  changed;  a greater  proportion  was  channeled  into  the  alpha  and  beta 
globulin  fractions . 

Total  Body  Albumin  Experiments . The  albumin  contents  of  tissues  of 
control  and  burned  rats  are  shown  in  Table  6.  The  albumin  content  of  the 
plasma  and  viscera  were  lower  in  the  burned  animals.  The  burned  skin 
albumin  content  was  3.  5 times  that  of  the  unburned  skin  of  the  rats  of  either 
group.  The  albumin  contents  of  the  carcass  and  of  the  unburned  skin  of  the 
burned  and  control  rats  were  essentially  equal,  as  was  the  water  content 
(Table  7)  of  these  tissues.  The  water  content  of  muscle  samples  taken  from 
beneath  the  burn  wound  was  slightly  higher  than  that  of  muscle  taken  from  an 
area  away  from  the  burn  wound.  Burned  skin  had  a total  water  content  1 . 1 
times  that  of  the  unburned  skin. 

The  albumin  contents  of  the  plasma  and  eviscerated  blood-free  body  of  othe 
groups  of  rats  are  shown  in  Table  8.  The  whole-body  albumin  content  of  the 
burned  rats  was  1 . 4 times  the  control  value;  that  of  the  burned- infected  rats 
was  1.2  times  control.  The  values  for  the  burned-infected  rats  may  be  biased 
Howard  because  final  calculations  were  expressed  on  a weight  basis.  Many  of 
these  rats  had  lost  almost  one-third  of  their  original  body  weight  and  were  mor: 
bund  at  the  time  of  sacrifice.  In  the  meantime,  the  burned  rats  had  regained 
weight  lost  during  the  first  two  days  postburn;  at  time  of  sacrifice  their  mean 
weight  was  equal  to  that  of  the  control  group. 

No  albumin  was  detected  in  the  ultrafiltrates  of  tissue  extracts  when  they 
were  tested  by  radioimmunoassay.  A concentrate  of  the  portion  of  the  extract 
retained  by  the  ultrafilter  showed  precipitin  bands  with  anti-rat  serum  which 
appeared  to  be  identical  to  those  of  normal  rat  serum  when  tested  by  electro- 
phoresis followed  by  immunodiffusion.  With  anti-rat  albumin  or  anti-rat  IgC, 
a single  precipitin  band  was  detected  with  each  antiserum.  No  attempt  was 
made  to  quantitate  the  precipitin  reaction,  nor  to  determine  the  composition 
of  the  components  separated  by  ordinary  electrophoresis  procedures. 

DISCUSSION 
1 4 

(2-  C) glycine  incorporation . Because  we  did  not  measure  the  glycine 
sped fic  activity  we  cannot  directly  convert  relative  specific  activity  (RSA) 
values  to  synthetic  rates.  However,  glycine  specific  activity  estimated  from 
published  free  glycine  levels  in  plasma  ultrafiltrate  (Control,  0 527  uM./ml; 


Table  3.  Mean  Relative  Specific  Activity  of  Rat  Serum  Protein 


Table  5.  Distribution  of  r C) protein  in  Electrophoretic  Fractions  of  Rat  Serum 
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burned,  0 . 454  uiVt/ ml)  (26),  and  our  measured  free  ( Qylycinc  levels  (not 
shown)  , was  1.  16  times  higher  in  the  burned  rats.  This  difference  is  not 
great  enough  to  account  for  the  observed  RSA  differences. 

Because  both  the  RSA  and  plasma  pool  sizes  of  the  alpha  and  beta  globulins 
of  the  injured  rats  were  larger  than  those  of  the  control  rats  it  is  reasonable  to 
conclude  that  the  synthetic  rates  of  these  proteins  were  increased.  This  was 
not  unexpected  since  the  concentrations  of  these  serum  globulins  remain 
elevated  for  a very  long  time  after  injury.  This  response  is  not  specific  for 
burn  injury  but  also  occurs  following  other  forms  of  trauma,  and  in  the  pres- 
ence of  infection  or  malignancy.  The  gamma  globulin  RSA  and  pool  sizes  were 
also  greater  in  the  injured  rats  but  because  all  newly  synthesized  gamma  globulin 
is  not  released  into  the  plasma  compartment  ,<  similar  conclusion  regarding 
synthetic  rates  from  plasma  measurements  alone  is  not  warranted. 

The  higher  plasma  albumin  RSA  in  the  injured  rats  was  partly  due  to  the 
differences  in  the  plasma  albumin  (pgol  sizes.  If  one  should  assume  that  this 
was  the  on.|y  cause  and  adjust  the  C incorporation  values  accordingly,  the 
amount  of  C incorporated  into  albumin  of  the  injured  rats  was  still  equal  to 
(Croup  Bl)  , or  greater  than  (Croups  B and  BIS)  that  of  the  control  rats.  We 
believe  that  depression  of  synthesis  alone  cannot  explain  the  marked  depletion 
of  the  plasma  albumin  pool  following  injury. 

Total  Body  Albumin . The  increased  whole  body  albumin  pool  size  of  ;ne 
burned  rats  reported  here  is  in  accord  with  findings  reported  by  others  who 
measured  labeled  protein  retention  in  burned  animals  and  humans  (6,10,17)  . 

In  addition,  we  have  shown  that  the  tissue  albumin  pool  in  burned  infected  rats 
is  enlarged  despite  their  severely  depleted  plasma  albumin  pool.  Although  the 
albumin  content  of  the  burned  rats'  viscera  decreased,  this  absolute  quantity 
coniributecJ  little  to  the  overall  change.  The  increase  in  the  whole  body  albumin 
pool  can  be  accounted  for  by  the  increased  albumin  content  ei  the  burn  wound. 
The  larger  number  of  rats  processed  as  eviscerated  blood  fine  whole  bodies 
confirmed  the  statistical  significance  of  the  observed  di fieri  tv.  c • in  albumin 
pool  > i zes . 

We  can  only  speculate  on  the  mechanism  that  maintains  .c  increased 
albumin  content  in  the  burn  wound  in  the  presence  of  a depl.  u-d  plasm  : albumin 
ivv.i  to  addition  to  the  restriction  of  protein  I r insc  .api  I It”  . ■ ■<  ipe  by  the 
apiilai',  pore  size  and  by  I he  basement  i virl.r.int  , inter  tissue  imti  a.  K 
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rate  at  which  protein,  water  and  electrolytes  have  been  shown  to  enter  the  skin 
immediately  after  burning  (2,15)  probably  exceeds  the  compliance  of  the  skin 
and  could  lead  to  the  formation  of  channels  with  little  resistance  to  inward 
flow  (19)or  to  formation  of  macroscopic  fluid  pools  in  the  interstitium  (8)  .Dilu- 
tion of  or  damage  to  the  matrix  would  decrease  the  tissue  volume  from  which 
protein  and  fluid  is  normally  excluded. 

It  is  unlikely  that  the  albumin  pool  in  the  burn  wound  is  not  exchanging 
because  it  has  been  shown  that  albumin  continues  to  enter  the  burn  wound  and 
to  return  to  the  intravascular  compartment  through  the  lymph  channels  at 
accelerated  rates  for  several  weeks  after  burn  injury  (3,  17, 24)  .Also,  calcu- 
lation of  transfer  rates  from  Lynch,  et  al's  (17)  plasma  albumin  disappearance 
data  (C=  -0.385/day;  B = - 0.267/day)  and  our  values  for  pool  sizes  yielded 
identical  masses  transferred  per  unit  time  for  burned  and  control  rats. The 
prolonged  half  life  of  albumin  in  burned  rats  reported  by  them  can  be  accounted 
for  by  the  difference  in  the  pool  sizes.  Our  finding  that  the  albumin  in  the 
wound  had  the  characteristics  of  native  albumin  is  further  evidence  that  the 
pool  is  not  stationary. 

The  detailed  studies  performed  by  Studer  and  her  colleagues  of  transfer 
rates  of  albumin  into  tissues  of  normal  and  plasma  volume  expanded  rats 
showed  that  regional  differences  of  transfer  rates  are  very  large  (30).  The 
results  of  whole  body  measurements  of  retained  labeled  protein  would  thus  be 
dependent  on  the  relative  masses  of  the  tissues. This  is  borne  out  by  the  fact 
that  our  albumin  ratios  measured  on  whole  bodies  were  much  smaller  than 
those  measured  on  the  separated  burn  wound  tissue.  This  would  also  mean 
that  wound  losses  calculated  from  plasma  albumin  specific  activity  would  not 
be  reliable . 

SUMMARY 

This  study  shows  that  the  low  plasma  albumin  pool  size  of  burned  and 
burned-infected  rats  is  not  caused  by  a lowered  synthetic  rate  but  by  changes 
in  albumin  compartmentation  in  the  tissues.  Present  compartmental  models  for 
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measuring  protein  metabolism  should  be  modified  to  treat  the  burn  wound  as 
an  additional  compartment  if  they  are  to  have  real  meaning. 
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23.  (U)  To  evaluate  the  nutritional  efficacy  of  standard  high  protein  diets,  nutri- 
tional supplements  and  elemental  diets  in  burned  patients.  To  determine  the  hormonal 
and  dietary  factors  which  influence  nitrogen  balance  in  thermally  injured  troops. 

24.  (U)  The  effect  of  fat  and  carbohydrate  calories  on  nitrogen  excretion  and  nitrpgen 
balance  is  presently  being  evaluated  in  normal  and  injured  man.  Metabolic  diets  con- 
taining 15  g nitrogen  per  meter  square  and  varying  quantities  of  fat  (0  to  900  kcal/ 

) and  carbohydrate  (0  to  1600  kcal/m2)  have  been  fed  to  18  bum  patients  and  eight 
ormal  individuals  for  5 to  31  days  per  individual  (a  total  of  278  study  days  to  date) . 
Nitrogen  loss,  metabolic  rate,  and  body  weight  are  measured,  and  nitrogen  balance, 
caloric  balance,  and  alterations  in  body  weight  are  determined.  Similar  studies  have 
been  performed  at  lcwer(5-12  g/m2)  and  higher  (18-22  g/m2)  levels  of  nitrogen  intake. 
Serial  serum  amino  acid  patterns  have  been  determined  in  eight  patients  receiving  the 
standard  diet  during  their  hospitalization. 

25.  (U)  74  07  - 75  06  Studies  to  date  suggest  that  nitrogen  excretion  and  nitrogen 
balance  are  influenced  primarily  by  metabolic  rate,  carbohydrate  calories,  and  the 
quantity  of  nitrogen  in  the  diet.  Amino  acid  profiles  demonstrate  a decrease  in  serum 
levels  of  all  essential  amino  acids  except  phenylalanine.  An  elevation  in  the 
phenylalanine  to  tyrosine  ratio  exists  following  thermal  injury.  Further  studies  are 
new  in  progress  to  evaluate  this  enzymatic  block  and  to  provide  therapeutic  diets 
dhich  could  provide  adequate  precursors  for  catecholamine  synthesis. 
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Thermal  injury  is  a short-term  hypercatabol ic  stress,  which  se- 
verly  erodes  body  tissue  stores.  Adequate  food  intake,  with  or  with- 
our  supplemental  hormonal  therapy,  which  serves  to  stimulate  insulin 
outnut,  will  reverse  erosion  of  lean  body  mass  and  provide  optimal 
function  of  organ  systems  until  closure  of  the  burn  wounj  can  be 
achieved.  Further  modification  and  improvement  of  the  diet  for  the 
burn  patient  may  be  possible". 


Intestinal  absorption 
Ho5p i t al  diet 
Protein  sparing 
I nsul  in 


EVALUATION  OF  GASTROINTESTINAL  ABSORPTION  AND  NUTRITIONAL  EFFICACY 
OF  STANDARD  HIGH  PROTEIN  DIETS  IN  BURNED  SOLDIERS 


Modification  of  the  accelerated  rate  of  tissue  breakdown  and  loss 
of  protoplasmic  mass  is  a major  priority  following  extensive  injury. 
This  report  reviews  the  role  of  nutritional  support  following  major 
injury,  and  emphasizes  those  factors  which  have  maintained  or  improved 
organ  system  function  during  the  hype rcatabol i c state. 

The  Effect  of  Fat  and  Carbohydrate  Calories  on  Nitrogen  Excretion  and 
Nitrogen  Balance  in  Enteral  Feedings 

Because  of  the  dominant  effect  exerted  by  carbohydrate  calories 
administered  by  the  intravenous  route  in  reducing  nitrogen  excretion, 
this  study  was  undertaken  to  evaluate  the  influence  of  fat  and  carbo- 
hydrate calories  on  nitrogen  excretion  and  nitrogen  balance  in  the 
standard  high-protein  hospital  diets.  Metabolic  diets  were  prepared 
in  the  metabolic  kitchen  from  known  constituents.  Nitrogen  adminis- 
tration was  held  constant  at  15  g nitrogen/m2,  but  the  quantity  of 
nonprotein  calories  varied,  with  fat  administration  ranging  from  0 to 
300  calories/m2  and  carbohydrate  calorie  admin i s t rat i on  ranging  between 
0 and  1600  calories/m2.  Eighteen  burned  patients  and  eight  normal 
individuals  have  been  studied  to  date  for  five  to  31  study  days  per 
individual  (a  total  of  278  study  days  with  an  average  of  eight  days 
per  person).  Nitrogen  loss,  metabolic  rate,  and  body  weight  are 
measured  daily,  and  nitrogen  balance,  caloric  balance  and  alterations 
in  body  weight  are  determined.  In  addition,  eight  patients  have  been 
studied  at  lower  levels  of  nitrogen  intake  (five  to  12  g/m2) , and  five 
individuals  have  been  evaluated  at  higher  levels  of  nitrogen  intake 
( 1 8 to  22  g/m2) . 

The  studies  completed  to  date  suggest  that  nitrogen  excretion 
and  nitrogen  balance  are  influenced  primarily  by  metabolic  rate, 
carbohydrate  caloric  intake,  and  the  quantity  of  nitrogen  in  the  diet. 
Increasing  carbohydrate  calories  in  the  hospital  diet,  which  were 
administered  as  a constant  dietary  intake  for  a mean  of  eight  days  per 
individual,  showed  a gradual  reduction  of  nitrogen  excretion  as  the 
dose  of  carbohydrate  calories  increased  (Table  1).  A similar  reduc- 
tion in  nitrogen  excretion  was  not  observed  with  step-wise  increases 
in  fat  calories. 

Serum  Amino  Acid  Concentrations  Following  Thermal  Injury 

To  determine  the  effect  of  the  standard  hospital  high-protein, 
high-caloric  diet  on  pos t - t rauma t i c amino  acid  metabolism,  serial  amino 
acid  patterns  were  determined  on  seven  patients,  with  a mean  aqe  of  32 
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TABLE  i 


NITROGEN  EXCRETION  IN  G/m2/Day  AT  VARIOUS 
LEVELS  OF  CARBOHYDRATE  INTAKE 


Carbohydrate  Intake 
(kca 1 /m2/Day) 

i 

1 1 

i 

t 

0-100 

400-700 

j 

800-1300 

Metabolic  rate  ' 

I 

<1100  kcal  /m^/day  j 

j 

13.7 

11.8 

6.1 

>1200  kcal/m2/day 

15.0  j 

i 

9-5 

i. 
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years  and  a mean  burn  size  of  53.5'/  total  body  surface  (range  28-7^/). 
Samples  were  obtained  within  72  hours  of  injury,  and  then  repeated  in 
a serial  manner  until  wound  closure  was  achieved. 

All  essential  amino  acids  were  decreased  in  the  serum  except 
phenylalanine  (Table  2).  Phenylalanine  was  elevated  compared  with 
normal  man,  and  the  phenylalanine  to  tyrosine  ratio  was  increased, 
suggesting  a block  in  the  enzymatic  conversion  steps  from  phenylala- 
nine to  tyrosine.  Branch  chain  amino  acids  were  decreased,  as  we  re 
the  gluconeogenic  precursors. 

Consistently  low  levels  of  almost  all  amino  acids  occur  in  the 
blood  sample  of  these  catabolic  patients,  reflecting  a state  similar 
to  chronic  malnutrition  starvation,  in  spite  of  the  fact  that  adequate 
calorie  and  nitrogen  support  was  provided.  The  exception  to  this  gen- 
eral observation  is  that  a high  level  of  phenylalanine  occurs,  result- 
ing in  an  elevated  pheny 1 a! ani ne/tyros i ne  ratio.  The  physiological 
significance  of  this  abnormality  in  stressed  patients  requiring  meta- 
bolic precursors  for  catecholamine  synthesis  is  presently  being  eval- 
uated. The  implications  of  these  findings  support  the  suggestion 
that  high  caloric,  high  protein  food  intake  is  required  in  critically 
ill  patients.  However,  some  variation  in  the  diet  may  be  necessary 
in  order  to  bypass  enzymatic  blocks  which  may  occur.  For  example, 
if  hyd roxyl at  ion  of  tyrosine  could  proceed  at  norma)  rates,  then 
tyrosine  loading  would  provide  sufficient  amino  acid  precursors  for 
catecholamine  synthesis.  Branch  chain  amino  acids  are  not  elevated, 
suggesting  adequate  i nsu 1 i n i zat i on  of  skeletal  muscle,  which  removes 
these  amino  acids  from  the  blood  stream.  Gluconeogenic  precursors 
are  likewise  decreased,  presumably  by  deamination  of  these  amino  acids 
in  the  liver.  Further  work  on  the  metabolism  of  specific  amino  acids 
following  injury  is  required. 
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TABLE  2 


AMINO  ACIDS  FOLLOWING  THERMAL  INJURY 
(Mi cromol es/L ; Mean  + S.E.) 


! 

1 Burn  Patients 
(n=4l) 

| 

i 

i 

Normals 

(n=8) 

Theon i ne 

7.7  ± 0.4* 

12.0  ± 0.5 

Va  1 i ne 

! 11.9+  0.8* 
- 

22.2  + 1 .0 

Me  th i on i ne 

2.1  + 0.4 

2.4  + 0.3 

1 sol eucine 

4.5  + 0.3* 

6.2  + 0.4 

Leucine  ’ 

9.7  + 0.5* 

13.3  + 1 .0 

Phenyl al ani ne 

5.8  +0.3* 

4.8  + 0.2 

Lys  ine 

11.6  + 0.6* 

i 16.6  + 0. 1 

Histidine 

6.0  + 0.5* 

7.6  + 0. 1 

i 

Tyros i ne 

3-9  + 0.2* 

i 

5.2  + 0.2 

■ 

Glycine 

11.9+  1 .0* 

20.4  + 0.4 

Al an i ne 

17.5  + 0.7* 

23.2  + 1 .6 

Ornithine  1 

2.7  + 0.4* 

4.0  + 0.2 

*p  <0.05 
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23.  (U)  To  determine  if  neutralization  of  hydrogen  ions  by  antacid  administration  to 
burned  soldiers  who  manifest  disruption  of  the  gastric  mucosal  barrier  will  prevent 
progressive  gastric  mucosal  dauage , gastric  hemorrhage  or  perforation. 

24.  (U)  All  patients  admitted  to  the  Institute  of  Surgical  Research  within  72  hours 
after  sustaining  greater  than  35%  total  body  surface  injury  will  be  considered  for  this 
study.  A lithium  flux  test  will  be  performed  as  has  been  previously  described  within 
the  72-hour  postbum  period.  The  patients  will  then  be  randomly  assigned  to  receive 

a standard  antacid  preparation  or  no  neutralization  of  gastric  acid.  The  patients 
with  disruption  of  the  gastric  mucosal  barrier  who  receive  antacid  therapy  will  be 
statistically  compared  as  regards  hanorrhage  and  perforation  to  those  with  disruption 
of  the  gastric  mucosal  barrier  vho  receive  no  antacid  therapy. 

25.  (U)  74  07  - 75  06  This  project  is  still  in  progress  and  the  data  will  be 
analyzed  at  the  conclusion  of  fifty  patients  total.  Preliminary  review  suggests  that 
antacid  therapy  in  bum  patients  reduces  clinically  significant  complications  of 
acute  upper  gastrointestinal  muons a 1 ulceration  and  may  limit  progression  of  mucosal 
olamage . 
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A lithium  flux  technique  has  been  utilized  to  assess  the  integrity 
of  the  gastric  mucosal  barrier  (GMB)  following  Lhermal  injury.  Within 
72  hours  post  burn,  disruption  of  the  GMB  was  correlated  with  endoscopic 
progression  of  gastric  mucosal  disease,  gastric  hemorrhage  or  perfora- 
tion in  7 of  8 patients.  No  instance  of  gastric  hemorrhage  or  perfora- 
tion was  encountered  in  10  patients  with  a normal  GMB.  This  data  suggests 
a lithium  flux  technique  could  be  a useful  index  of  clinical  gastric 
complications  occurring  after  thermal  injury. 

Patients  admitted  to  the  U.S.  Army  Institute  of  Surgical  Research 
within  72  hours  after  sustaining  greater  than  35 -i  total  body  surface- 
injury  will  be  considered  for  a therapeutic  trial  of  antacid  in  preven- 
tion of  the  clinical  complications  associated  with  gastric  mucosal  disease 
after  burns.  A lithium  flux  test  will  be  performed,  as  previously  des- 
cribed, within  72  hour  post  burn  period.  The  patient  population  will 
then  be  randomly  assigned  to  receive  a standard  liquid  antacid  prepara- 
tion or  no  intragastric  neutralization  of  acid. 

The  data  generated  by  the  study  will  allow  statistical  comparison 
as  regards  the  incidence  of  hemorrhage  and  perforation.  The  patient  - 
with  disruption  of  the  gastric  mucosal  barrier  who  receive  antacid  tt-.erapy 
will  be  contrasted  to  those  with  disruption  of  the  gastric  mucosal  baa  it 
who  receive  no  antacid  therapy.  These  comparisons  will  clarify  the 
effectiveness  of  antacid  in  prevention  of  clinical  complications  associat- 
ed with  progressive  gastric  mucosal  disease  after  burns. 
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23.  (U)  To  determine  the  proliferative  activity  of  the  gastric  mucosa  in  burned 
soldiers  imnediately  after  bum  and  during  the  second  week  after  injury  when  the 
manifestations  of  acute  gastroduodenal  disease  are  most  pronounced.  Changes  in  the 
proliferative  activity  of  the  mucosa  will  be  correlated  with  changes  in  the  endoscopic 
appearance  of  the  mucosa.  Decreased  proliferative  activity  in  the  presence  of  pro- 
gressive mucosal  injury  would  indicate  an  impaired  healing  process  vhich  might  increase 
the  nucosa's  susceptibility  to  ulceration,  hemorrhage,  and  perforation. 

24.  (U)  Mucosal  biopsies  will  be  obtained  frcm  the  antrum  and  body  of  the  stomach 
through  the  gastroscope  on  the  3rd  day  postbum.  This  procedure  will  be  repeated  cn 
the  14th  day  postbum  and  biopsies  will  be  obtained  from  areas  adjacent  to  mucosal 
lesions.  Tissue  specimens  will  be  incubated  in  tritiated  thymidine  and  then  processed 
for  autoradiogrphy . The  proliferative  index  will  be  determined  by  a "blinded" 
investigator. 

25.  (U)  74  07  - 75  06  Preliminary  animal  studies  have  demonstrated  that  mucosal 
biopsies , incubation  procedures , and  autoradiography  techniques  are  adequate . Ten 
patients  have  been  completely  studied  to  date.  Autoradiography  results  are  pending. 
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To  determine  changes  in  the  proliferative  activity  of  the  gastric 
mucosa  following  thermal  injury,  and  to  correlate  these  changes  with 
the  development  of  acute  gastroduodenal  disease,  fiberoptic  gastro- 
duodenoscopy , with  visually  directed  tissue  biopsy,  was  performed  in  23 
burn  patients  who  had  sustained  burns  of  more  than  35%  of  their  total 
body  surface.  Endoscopic  examinations  of  the  stomach  and  duodenum  were 
performed  on  the  third  day  postburn,  and  were  repeated  on  the  l4th  day 
after  injury  in  each  patient.  Tissue  specimens  were  obtained  at  each 
endoscopy  from  the  area  adjacent  to  mucosal  lesions.  Samples  were  pro- 
cured from  the  corpus  and  the  antrum  of  the  stomach  in  each  case.  Tis- 
sue specimens  were  incubated  in  tritiated  thymidine  and  processed  for 
autoradiography.  The  ratio  of  labelled  to  unlabelled  cells  was  de- 
termined by  a blinded  investigator  and  was  expressed  as  the  prolifera- 
tive index.  Forty  two  endoscopic  procedures  were  performed  without 
complication  in  the  23  patients,  and  262  mucosal  specimens  were  ob- 
tained. All  thermally  injured  patients  irrespective  of  the  presence 
of  gastric  mucosal  disease  had  elevated  proliferative  indices  on  the 
third  day  after  burn.  Patients  with  gastric  mucosal  disease  had  a 
higher  proliferative  index  than  patients  without  mucosal  disease,  indi- 
cating a mucosal  response  to  injury.  The  poliferative  index  of  the 
fundus  was  consistently  greater  than  the  proliferative  index  of  the 
antrum  in  all  patients  on  the  third  day  postburn.  By  the  14th  day 
after  burn,  four  patterns  of  mucosal  reaction  were  identified.  Pa- 
tients who  had  a normal  gastric  mucosa  on  Day  3,  and  who  had  maintained 
an  intact  mucosa  by  Day  14,  demonstrated  a decrease  in  the  prolifera- 
tive index  to  a level  which  has  been  leporteu  as  normal . Patients 
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with  an  abnormal  gastric  mucosa  on  Day  3,  who  had  persistent  or  pro- 
gressive gastric  mucosal  disease  by  Day  14,  maintained  an  elevated,  if 
not  further  increased,  pro  1 i ferat i ve  index.  Patients  with  an  abnormal 
gastric  mucosa  on  Day  3,  who  subsequently  healed  their  gastiic  mucosa 
by  Day  14,  demonstrated  a lowering  of  their  proliferative  index  to  a 
level  consistent  with  the  patients  who  had  maintained  a normal  gastric 
mucosa  throughout  their  convalescence.  Four  patients  who  had  abnormal 
gastric  mucosa  on  Day  3,  and  whose  gastric  mucosal  disease  progressed 
by  Day  14,  demonstrated  a marked  fall  in  proliferative  index  into  the 
lower  normal  range,  even  though  their  mucosal  disease  nad  worsened. 

The  clinical  course  of  each  of  these  patients  had  been  complicated  by 
septicemia  and  hypotension. 

Concl us i on 

The  majority  of  thermally  injured  patients  demonstrate  a normal 
mucosal  response  to  injury  by  increasing  the  proliferative  activity  of 
the  mucosa  in  the  normal  healing  process.  Patients  who  deteriorate 
clinically  tend  to  have  progression  of  their  gastric  mucosal  disease 
in  association  with  an  impaired  healing  response  of  their  gastric 
mucosa. 
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23.  (U)  In  oraer  to  better  understand  the  metabolic,  hepatic,  and  hematologic  derange- 
ments of  the  buined  soldier,  the  controls  of  bilirubin  production  from  heme  precursors 
are  examined  immediately  after  thermal  injury  and  during  convalescence.  The  rate  of 
bilirubin  synthesis  is  correlated  with  red  blood  cell  survival,  levels  of  erythroid 
and  nonerythroid  heme  substrate,  glucagon  and  epinephrine  levels. 

24.  (U)  The  injured  soldier  is  studied  acutely  postburn  and  then  during  convalescence. 
Routine  hemolytic  studies,  BSP  retention,  bilirubin,  glucagon  and  epinephrine  levels, 
and  liver  function  studies  are  obtained  during  each  study  period.  The  chromium-51 
R8C  survival  time  and  the  rate  of  endogenous  carbon  monoxide  production  are  measured 
simultaneously  as  a reflection  of  the  rate  of  hemoglobin  destruction  and  bilirubin 
production.  Convalescent  patients  and  normal  controls  are  studies  similarly  during 
infusions  of  epinephrine,  glucagon,  or  amino  acids.  The  effects  of  epinephrine, 
glucagon,  hemolysis,  ineffective  ery thropo i es i s , and  increased  non-ery throi d heme 
catabolism  on  the  rate  of  bilirubin  production  are  determined. 

25.  (U)  74  07  - 75  06  Gas  chromatography  is  being  utilized  to  determine  carbon 
monoxide  concentrations  in  normal  subjects.  The  sensitivity  and  reliability  of  this 
method  is  being  established.  A satisfactory  rebreathing  system  has  been  constructed 
and  the  determ i nat i on  of  the  rate  of  endogenous  carbon  monoxide  production  is  currently 
being  measured  in  normal  volunteers  before  and  after  epinephrine  infusion.  When  con- 
sistent normal  responses  have  been  established,  patients  will  be  studied  unde; 
similai  circumstances. 
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Period  covered  in  this  report:  1 July  197*4  - 30  June  1975 
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This  investigation  was  designed  to  evaluate  the  initial  step  in 
bilirubin  metabolism  in  patients  with  thermal  injury,  i.e.,  the  conver- 
sion of  fe r ropo rphy r i n to  bilirubin.  The  object  was  to  examine  some  of 
the  controls  of  bilirubin  production  from  heme  precursors  and  to  corre- 
late changes  in  the  rate  of  bilirubin  synthesis  with  fluctuations  in  the 
levels  of  heme  substrate,  glucagon,  and  epinephrine  under  the  acute  and 
convalescent  conditions  of  thermal  injury.  The  contributions  of  eryth- 
roid  and  nonerythroid  heme  substrate  to  the  bilirubin  pool  of  these  pa- 
tients could  also  be  determined.  The  data  would  provide  insight  into 
red  blood  cell  survival  after  thermal  injury  and  permit  speculation 
about  the  humoral  influences  on  bilirubin  metabolism.  The  rate  of  heme 
catabolism  and  bilirubin  production  in  the  burn  patient  was  determined 
by  measuring  the  rate  of  endogenous  carbon  monoxide  production  shortly 
after  thermal  injury,  during  convalescence,  and  after  stimulation  of 
heme  oxygenase  activity  by  controlled  intravenous  infusion  of  epinephrine. 
The  difference  between  the  amount  of  carbon  monoxide  produced  and  actu- 
ally measured  in  each  patient,  and  that  calculated  from  the  rate  of  hemo- 
globin destruction,  would  allow  estimation  of  the  contribution  of  non- 
erythroid and  erythroid  heme  catabolism  to  the  bilirubin  pool.  The  rate 
of  endogenous  carbon  monoxide  production  was  measured  while  patients 
were  in  a closed-rebreath ing  system,  in  which  oxygen  was  continuously 
administered  to  maintain  an  oxygen  tension  of  approximately  150  mmHg, 
and  carbon  dioxide  was  continuously  removed  from  the  system  by  a CO2 
absorber.  Gas  chromotography  was  utilized  to  determine  carbon  monoxide 
concentrations.  The  project  was  terminated  when  it  became  apparent  that 
a cloned-rebreathi ng  system  could  not  be  devised  which  was  airtight  and 
which  insured  patient  comfort  during  the  four  to  six  hour  period  of 
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rebreathing.  The  metabolic  hood,  the  total  body  box,  and  gas  mask 
rebreathing  system  were  unable  to  provide  reproducible  measurements 
and  patient  comfort. 
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23.  (U)  To  create  a pulmonary  injury  by  inhalation  of  nitrogen  oxides  and  to 
evaluate  the  effect  of  various  treatment  modalities  on  such  an  injury  as  a means  of 
developing  more  effective  treatments  for  burned  soldiers. 

24.  (U)  At  the  present  time,  18  goats  have  received  instillation  of  N204  into  their 
tracheobronchial  tree.  Four  of  these  goats  received  methylprednisolone  pre-  and 
post-instillation.  133Xe  lung  scans,  arterial  blood  gases,  and  lung  compliances 
were  obtained  in  all  animals. 

25.  (U)  74  07  - 75  06  Inhalation  of  N204  resulted  in  a marked  fall  in  pulmonary 
compliance  and  produced  abnormal  lung  scans  in  all  goats  studied.  There  were  no 
differences  in  the  blood  gases  pre-  or  postinjury.  Steroids  did  not  affect  any 
of  the  paraneters  investigated. 
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To  determine  the  effect  of  steroids  in  the  treatment  of  inhalation 
injury,  eight  anesthetized  goats  were  divided  into  two  equal  groups  and 
subjected  to  inhalation  of  nitrogen  tetroxide,  a gas  known  to  produce 
inhalation  injury.  Pulmonary  compliance,  xenon  lung  scan,  and  blood 
gases  (on  both  room  air  and  100%  oxygen)  were  obtained  before  and  after 
injury.  Following  endotracheal  instillation  of  nitrogen  tetroxide,  one 
group  of  goats  received  methy I predni solone  (1500  mg  given  in  three 
divided  doses  over  12  hours).  The  animals  were  sacrificed  between  18- 
24  hours  and  the  lungs  were  examined. 

In  the  steroid-treated  group,  pulmonary  compliance  decreased  31.6%. 
In  untreated  controls,  compliance  decreased  41.3%  (N.S.). 


ROOM 

AIR 

100%  02 

Be  fo  re 

After 

Before 

Af  te 

r 

Steroid 

Cont  rol 

Steroid 

Cont  rol 

po2 

49.5 

49 . 0* 

46.5 

369 

327* 

304 

PC02 

39.3 

33.2* 

36.8  ; 

41.8 

49* 

50.8 

pH 

• 7.37 

7.47-  ■ 

7.40  ! 

7.27 

! 7.31*  | 

7.23 

*No  statistical  difference  between  controls  and  steroid  treatment. 


253 


Preburn  xenon  lung  scans  were  normal  in  all  goats,  and  abnormal 
in  all  goats  postburn.  Three  of  the  four  goats  treated  with  methyl- 
prednisolone  cleared  133Xen on  more  rapidly  from  the  lungs  when  compared 
to  the  nons te roi d-t reated  group,  but  the  difference  was  not  significant. 
Pathological  examination  of  the  lung  in  both  groups  was  consistent  with 
a nitrogen  tetroxide  inhalation  injury,  showing  obliterative  emphysema 
and  mild  focal  bronchopneumonia  in  a diffuse  pattern  throughout  the  lung 
fields.  No  gross  or  microscopic  difference  of  decreased  injury  or  in- 
flammation could  be  identified  by  blinded  observers.  In  conclusion, 
steroids  appear  to  be  of  no  benefit  in  the  treatment  of  nitrogen  tetrox- 
ide inhalation  injury  in  goats. 


Inhalation  injury 
Xenon  lung  scans 
Surfactant 
Goats 
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Eighty-six  patients  with  burns  admitted  to  the  US  Army^l^titute  of 
Surgical  Research  in  1974  were  studied  within  72  hours  by  Xenon  lung 
scan.  Seventy- three  were  males  and  13  were  females.  The  average  burn 
size  was  50%  total  body  surface,  with  a range  of  7 to  96%. 

Of  the  86  scans  performed,  43%  were  positive  and  56%  were  negative 
for  inhalation  injury.  One  scan  was  incorrectly  performed  and  was 
considered  inadequate. 

Thirteen  per  cent  of  the  scans  performed  were  considered  erroneous 
based  on  all  available  clinicopathological  evidence.  Eight  per  cent  were 
considered  falsely  positive  and  5%  falsely  negative.  The  apparent  accuracy 
of  the  test  was  86%. 

Confirmatory  studies  included  bronchoscopy  and  pulmonary  function 
testing.  Fiberoptic  bronchoscopy  was  performed  in  51%  of  the  patients  and 
pulmonary  function  testing  was  performed  in  50%  of  the  patients.  All  three 
tests  were  performed  in  27  patients  or  31%  of  the  total. 

The  estimate  of  accuracy  of  the  various  tests  were  scan  alone  87%, 
bronchoscopy  alone  86%,  pulmonary  function  testing  alone  91%;  scan  and 
bronchoscopy  93%,  scan,  bronchoscopy  and  pulmonary  function  testing  96%. 


y^aiation  injury 
Xenon  I ung  scan 
Burns 
I Inmans 


USE  OF  XENON  IN  EARLY  DIAGNOSIS  OF  INHALATION 
INJURY  IN  BURNED  MILITARY  PERSONNEL 

Injury  to  the  respiratory  tract  from  products  of  incomplete  combustion 
is  a common  accompanyment  of  cutaneous  thermal  injury.  Physical  signs 
and  radiographic  evidence  of  tracheobronchial  or  pulmonary  damage  are 
usually  absent  or  equivocal  during  the  first  4 or  5 days  after  injury  when 
the  initiation  of  specific  therapy  may  be  most  beneficial.  A satisfactory 
method  with  which  to  establish  the  diagnosis  of  inhalation  injury  in  the  early 
postburn  period  has  not  been  available  until  the  recent  past. 

1 33 

Moytan  and  associates  in  1972  reported  the  use  of  Xenon  perfusion- 
ventilation  lung  scan  to  establish  the  diagnosis  of  inhalation  injury  during 
the  first  72  hours  postburn  (1)  . Among  50  consecutive  admissions  to  the  US 
Army  Institute  of  Surgical  Research  for  thermal  injuries  due  to  flame,  15 
were  found  to  have  delayed  isotope  "washout",  suggesting  inhalation  injury. 
Based  on  clinicopathologi cal  evidence,  these  investigators  were  unable  to 
find  any  falsely^^sitive  or  falsely  negative  lung  scans  in  their  series.  They 
concluded  that  JXenon  scintiphotography  prior  to  the  4th  postburn  day  is 
an  easily  performed,  accurate  diagnostic  test  for  inhalation  injury  prior  to 
the  onset  of  symptoms  . 

The  present  study  was  undertaken  to  further  delineate  the  reliability 
of  JXenon  lung  scanning  to  detect  inhalation  injury.  Two  additional 
clinical  tools,  fiberoptic  bronchoscopy  and  pulmonary  function  studies, have 
also  been  evaluated. 

METHODS 

Eighty-six  patients  admitted  for  burns  to  the  US  Army  Institute  of 
^^jrgical  Research  during  1974  were  studied  within  72  hours  postburn  by 
Aenon  lung  scan  (Table  1}  . 

Table  1.  Xenon  Lung  Scans  - 1974 


Patient  Data 


Total  admissions 
Xenon  scans 
Males 
Females 
Mean  burn  size 
Range 


244 

86 

73 

13 

50','  TBS 


The  procedure  involves  positioning  the  patient  beneath  a counter  in 
which  a diverging  collimator  is  used  to  obtain  an  anterior  view  of  both  lungs 


1.  Moylan  JA,  Jr,  Wilmor^^W,  Mouton  DE . Pruitt  BA,  Jr.:  Early  diagnosis 
of  inhalation  injury  using  Xenon  lung  scan  A Surg.  170:  u/7  484,  197 


258 


-i>  -i,  10  mi  inclines  of  a "Xenon  saline  solution  are  injected  as  an  IV  bolus. 

, -ntial  scintiphotos  are  obtained  every  6 seconds  for  30  seconds  to 
nx  -.it  r uolus  arrival . Then,  30-second  scintiphotos  are  obtained  unti  I 
. . a h o u t is  complete.  Exhaled  Xenon  yas  is  collected  by  vacuum  for  safe 

di spnsal . 

Criteria  for  a normal  study  are  absence  of  local  radioisotope  trapping 
and  complete  washout  by  90  seconds.  Scans  demonstrating  regional  wash- 
out delay  or  generalized  isotope  delay  beyond  90  seconds  are  seen  with 
inhalation  injuries  and  otner  pulmonary  pathology  including  asthma , chroni c 
obstructive  pulmonary  disease  and  pulmonary  blebs. 

1 33 

Among  the  86  patients  who  had  Xenon  lung  scans,  44  also  had  bron- 
choscopy and  43  had  pulmonary  function  testing.  Twenty-seven  patients 
were  studied  by  all  three  methods  (Table  2)  . 

Table  2.  Confi  rmatory  Studies 


Total  scans 

86 

Bronchoscopy 

44 

(51%) 

PFT 

43 

(50%) 

Bronchoscopy 
+ PFT 

27 

(31%) 

Clinical  data 

86 

(100%) 

Autopsy  data 

38 

(44%) 

The  clinical  course  and  autopsy  data,  where  obtained,  were  used  in 
the  overall  assessment  of  diagnoses  of  inhalation  injury. 

RESULTS 

Among  the  86  scans,  37  were  interpreted  as  positive  and  48  as  negative 
for  inhalation  injury.  One  scan  was  performed  incorrectly  and  was  con- 
sidered technically  inadequate  'Table  3)  . 

Table  3.  Xenon  Lung  Scans  - 1974 

Total  scans  86 

Positive  scans  37  (43" ) 

Negative  scan;  48  (56V.) 

Inadequate  scans  1 ( TJ ) 

Of  the  patients  scanned,  74  (86%)  were  considered  to  have  appropriate 
scan  results  based  on  all  available  cliniricopatholoyirai  evidence.  The  re- 
maining 11  scans  were  felt  to  be  erroneous.  Of  these,  7 were  falsely  positive 
and  4 .vet  o falsely  negative  (Table  () 

i.  nle  5 lists  the  »i.su Its  obtain  b ircm  7 patients  who  had  falsely  positive 
'•in. a niiuj  scans  Six  of  the  L.k;  norma!  appearing  trachi  onronchiai  mucosa 
' ■ i ’p;'-'  i'lfim  uo'-'.opy,  one  ■ "v-t  I'''  nchos«  ape.  I •■•of  :i-,e  7 had 


Table  4.  Xenon  Lung  Scans  - 1974 


Appropriate  scans 

74 

(86%) 

Erroneous  scans 

11 

(13%) 

Falsely  positive 

7 

( 8%) 

Falsely  negative 

4 

( 5%) 

Inadequate  scans 

1 

( 1%) 

no  evidence  of  obstructive  disease  by  pulmonary  function  testing.  None 
had  clinical  evidence  of  inhalation  injury  during  the  early  postburn  period. 
Chest  x-rays  remained  clear  and  early  respiratory  problems  did  not  occur. 
One  patient,  #4,  died  one  month  postburn  and  had  pneumonitis  at  autopsy, 
but  no  specific  histopathologi cal  evidence  of  inhalation  injury. 

Table  5.  Falsely  Positive  Xenon  Lung  Scans  - 1974 


Patient  # 

Scan 

Bronchoscopy 

PFT 

Clinical  Pathologic 

1 

+ 

0 

- 

0 

2 

+ 

- 

0 

0 

3 

+ 

- 

0 

0 

4 

+ 

- 

- 

- 

5 

+ 

- 

- 

0 

6 

+ 

- 

- 

0 

7 

+ 

- 

- 

0 
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Four  patients  had  falsely  negative  Xenon  lung  scans  (Table  6)  . All 
4 had  evidence  of  inhalation  injury  by  bronchoscopy  and  pulmonary  function 
testing.  Three  had  clinical  courses  consistent  with  inhalation  injury,  and 
the  one  who  died  had  autopsy  evidence  of  inhalation  injury. 

Table  6.  Falsely  Negative  Xenon  Lung  Scans  - 1974 
Patient  # Scan  Bronchoscopy  PFT  Clinical  Pathologic 

1 - + + - 0 

2 - + + + + 

3 - + + + 0 

4 - + + + 0 

Of  the  44  patients  undergoing  bronchoscopy,  none  had  falsely  posi 
tive  findings.  Six  patients  later  determined  to  have  inhalation  injury  by 
all  available  criteria,  had  falsely  negative  bronchoscopic  findings,  i.e.,no 
carbonaceous  material  or  tracheobronchial  mucosal  edema,  erythrema, 
hemorrhage  or  ulceration  (Table  7)  . 

Pulmonary  function  testing  employed  maximum  expiratory  flow  volume 
loops.  Flow  rates  reduced  out  of  proportion  to  volume  were  considered 
indicative  of  obstructive  disease.  Four  patients  determined  to  have  inhalation 
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■ Table  7.  Falsely  Negative  Bronchoscopy  (13%)  - 1974 


' Patient  # 

Scan 

Bronchoscopy  PFT 

Clinical 

Pathologic 

1 

+ 

0 

- 

+ 

2 

+ 

+ 

+ 

+ 

3 

+ 

+ 

+ 

0 

i‘.  4 

+ 

+ 

+ 

+ 

:i  5 

+ 

- 

+ 

+ 

[ 1'  6 

+ 

0 

+ 

+ 

injuries  had  no  evidence  of  obstructive  disease.  These  were  considered 
falsely  negative  pulmonary  funtion  tests  (Table  8). 

Table  8.  Falsely  Negative  Pulmonary  Function  Tests  (9%)  - 1974 

Patient  # Scan  Bronchoscopy  PFT  Clinical  Pathologic 


f j 

;>  i 


1 

2 

3 

4 


+ 

+ 

+ 

+ 


+ 


+ 


0 


+ 

+ 

+ 

+ 


0 

+ 

+ 

0 


DISCUSSION 

From  th^^ivai  lable  data,  an  attempt  has  been  made  to  determine  the  re- 
liability of  JXenon  lung  scanning  as  well  as  fiberoptic  bronchoscopy  and 
pulmonary  function  testing  in  the  early  detection  of  inhalation  injury.  Of 
the  86  lung  scans  performed,  the  results  of  74  were  considered  appropriate 
for  an  accuracy  of  87%  (Table  9)  . These  74  included  several  scans  that 
were  neither  confirmed  nor  refuted  by  the  available  clinicopathologi cal 
evidence  and  were,  therefore,  considered  appropriate . For  example,  a scan 
that  was  interpreted  as  "mildly  positive"  in  a patient  who  had  not  had 
bronchoscopy  or  pulmonary  function  testing  and  who  had  a benign  early 
clinical  course  was  considered  appropriate  and  consistent  with  a mi  Id,  sub- 
clinical  inhalation  injury. 

Table  9.  Diagnostic  Technics  for  Inhalation  Injury  - 1974 
Estimate  of  Accuracy 


Scan  alone 

(74/86) 

87% 

Bronchoscopy  alone 

(38/44) 

86% 

PFT  alone 

(39/43) 

91% 

Scan  + bronchoscopy 

(41/44) 

93% 

Scan  + bronchoscopy  + PFT 

(26/27) 

96°, 

Eighty-six  per  cent  of  the  44  bronchoscopies  performed  were  accurate 
in  detecting  the  presence  or  absence  of  inhalation  injury.  The  involvement 
of  small  airways  in  the  absence  of  gross  evidence  of  tracheobronchial  injury 


1 

;l 

4 

i 


Jkt 


I 

- 


I 

I 


apparently  occurs  in  some  cases.  Evidence  tor  the  presence  or  absence  of 
obstructive  disease  by  pulmonary  function  testing  was  accurate  in  the  early 
detection  of  inhalation  injury  in  91  of  those  patients  studied.  Several 
patients  with  obvious  inhalation  injuries  were  not  tested  because  of  the 
presence  of  an  endotracheal  tube  at  admission 

To  evaluate  the  relative  effectiveness  of  the  3 tests  employed  to  secure; 
early  diagnosis  of  inhalation  injury,  27  patients  were;  selected  in  whom  all 
3 diagnostic  tests  had  been  performed  at  an  appropt  oprinte  interval  following 
injury.  Table  10  demonstrates  the  frequency  of  occurrence  of  falsely  nega- 
tive and  falsely  positive  tests  within  this  group.  Falsely  negative  scans, 
which  we  consider  more  dangerous  because  they  deny  therapy  where  it  may 
be  useful,  were  virtually  eliminated  by  using  any  pair  of  tests,  while  any 
single  test  alone  failed  in  10-35.’  to  make  the  diagnosis  when  injury  was 
present.  Falsely  positive  tests  occurred  most  frequently  with  Xenon  scan. 


Table  10.  Errors  in  27  Patients  Undergoing  all 
Three  Studies 


Scan 

Bronchoscopy 

PFT 

Scan  + bronchoscopy 
Scan  + PFT 
Bronchoscopy  + PFT 
All 


Negative  T est 
Positive  Patient 

4 

4 

3 

0 

0 

1 

0 


Positive  Test 
Negative  Patient 

3 

0 

1 

3 

4 
1 
4 


The  apparent  effect  of  inhalation  injury  on  survival  is  depicted  in  Table 
1 1 . Nearly  three-fourths  of  those  with  inhalation  injury  died  whi  le  two- 
thirds  of  those  without  inhalation  injury  survived.  These  numbers  are  similar 
to  those  reported  by  Moylan,  et  al . This  is  not  unexpected,  however,  as 
larger  burns  more  often  have  associated  inhalation  injuries  than  smaller 
burns . 


Table  11.  Effect  of  Inhalation  Injury  on  Survival 


Inhalation  injury 

33 

Survi  vors 

9 

27V. 

Non-survivors 

24 

737. 

No  inhalation  injury 

53 

Survivors 

33 

(•>?  . 

Non-survivors 

20 

3 8 77 

Probit  analysis  of  our  last  10  years’  experience  was  used  to  partition 
each  group  according  to  expected  mortality.  Exact  solutions  for  the  expected 
total  number  of  deaths  in  each  group  were  then  obtained,  using  a computer 


262 


program  for  the  serial  expansion.  From  these  calculations,  95  confidence 
intervals  for  total  exported  mortality  were  obtained;  in  each  group,  the 
observed  number  of  deaths  lay  within  these  intervals  (Table  12)  . 

Fable  12.  E xpected  and  Acuta!  Mortality 
With  and  Without  Inhalation  Injury 


Inhalation 

Me.  Inhalation 

T ota 

Inj ury 

1 nj  ury 

Dead's  , expect' 

ed 

21 

24 

45 

95  Confidence 

li  mi  ts 

17  2 n 

19  29 

39  5 

Deaths , onset' V 

c d 

24 

20 

44 

Chi  square  anal v -as  of  these  totals  of  observed  and  expected  mortality 
e.iled  no  signifu  ant  deviation  from  expec  tancy,  in  agreement  with  flu 
exact  solutions.  Similar  (omnarisor.  of  mortality  within  each  of  the  groups 
revealed  good  overall  agreoim  nt  Is- tween  observation  and  expectation . Thus 
each  of  these  groups  might,  within  95’“  assurance,  have  been  obtained  by 
random  selection  from  a single  patient  population  and  the  observed  differ*:  *.i 
be  tween  proper1'  :ial  mortality  in  the  two  groups  be  due:  to  upward  bias 
-.everity  of  injury  ,,,  Lnc  a aup  i mvi  ng  inhalation  injury  (Table  li|. 

T hie  . > . f is  < c.ienc.y  .(  ' : .*  ,a  latl on  I nj  U'  V ;u 
e-  1 1 : h a r n t.a  Seventy  ot  lnjt.it  y 
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Table  14.  Effect  of  Inhalation  injury  Upon  Mortality 


Expected 

Inhalation 

No  Inhalation 

Mortality 

O 

Injury 

Injury 

L 

8 

22 

0 - 39 

D 

3 

3 

X2 

= NS 

L 

0 

7 

X2 

40  - 59 

D 

5 

1 

= 9.48** 

L 

4 

4 

7 

60  - 100 

D 

16 

16 

x2 

= NS 

during  1974.  Inhalation  injury  was  indicated  by  the  37  (43%)  positive  scans. 

Based  on  all  avai lable  clinicopathological  evidence,  11  (13%)  of  the  scans 
were  erroneous  with  7 (8%)  falsely  positive  and  4 (5%)  falsely  negative. 
Eight-six  per  cent  of  the  scans  were  "appropriate".  1 

Addition  of  bronchoscopy  and/or  pulmonary  function  testing  appeared 
to  improve  diagnostic  accuracy. 

PRESENTATION 

1 33 

Agee  RN,  Long  JM,  III,  Pruitt  BA,  Jr.  Xenon  Lung  Scan  for  Early  Diagnosis 
of  Inhalation  Injury,  American  Burn  Assoc.  Seventh  Annual  Meeting,  Denver. 
Colorado,  March  20-22,  1975. 
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Patients  suffering  from  septic  shock  usually  manifest  hypotension, 
tachycardia,  and  oliguria  in  spite  of  an  elevated  cardiac  index.  This 
is  probably  secondary  to  their  markedly  reduced  systemic  vascular  re- 
sistance. Dopamine,  in  doses  of  400  to  1 800  jug/mi  n , will  increase 
cardiac  index  further  while  also  producing  an  increase  in  peripheral 
resistance  and  maintaining  renal  and  splanchnic  perfusion.  In  spite 
of  its  beneficial  effects  on  the  cardiovascular  system,  dopamine  did 
not  appear  to  influence  ultimate  survival  rate. 
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EVALUATION  OF  DOPAMINE  (3 ,4~DEHYDR0XYPHENYLETHYLAMINE)  FOR 
TREATMENT  OF  SEPTIC  SHOCK  IN  BURNED  TROOPS 

Of  the  many  possible  postoperative  and  post-trauma  complications, 
septic  shock  can  be  one  of  the  most  complex  and  life-threatening  prob- 
lems to  arise.  The  patient  is  found  to  be  tachycardic,  hypotensive, 
and  oliguric,  but  with  evidence  of  adequate  peripheral  perfusion.  The 
administration  of  a fluid  challenge  may  result  in  overt  cardiac 
failure  and  pulmonary  edema.  Administration  of  catecholamines  may 
then  be  resorted  to.  Depending  on  the  sympathomimetic  agent  chosen, 
however,  there  may  be  a worsening  of  the  hypotension,  tachycardia, 
or  oliguria. 

With  these  factors  in  mind,  it  was  decided  to  evaluate  dopamine 
in  the  treatment  of  patients  with  septic  shock  subsequent  to  thermal 
injury. 

METHODS 

All  patients  who  met  the  criteria  of  hypotension  and  oliguria 
unresponsive  to  volume  loading  were  studied.  All  patients  studied 
had  positive  blood  cultures.  Prior  to  the  administration  of  any 
pressor  agents,  a Swan-Ganz  7f  flow-directed  thermal  dilution  cardiac 
output  catheter  was  inserted  either  pe rcutaneous 1 y or  via  a cutdown. 

If  the  patient's  condition  allowed,  a preinfusion  two-hour  creatinine 
clearance  was  done.  All  pressures  were  tranduced  with  a Trantec  pres- 
sure transducer  and  displayed  on  a Tektronix  412  physiologic  monitor. 
Cardiac  outputs  were  done  using  the  Olsen  thermal  dilution  cardiac 
output  computer.  Arterial  pressures  were  determined  by  either  a direct 
intra-arterial  catheter  or  the  Infrasonde  blood  pressure  monitor. 
Simultaneous  systolic  time  intervals  were  recorded  on  an  e i ght -channe 1 
Electronics  for  Medicine  recorder,  using  standard  limb  leads  for  the 
EKG,  a Statham  strain  gauge  for  the  carotid  pulse  tracing,  and  a 
Hewlett  Packard  microphone  for  the  phonoca rd i og ram.  Following  baseline 
studies,  dopamine  infusion  was  begun  at  400  jug/min.  This  is  an  average 
dose  of  5 ug/kg/min.  The  studies  were  repeated  as  stated  above.  The 
dopamine  infusion  was  then  increased  in  400  jug  increments  until  the 
desired  response  was  obtained,  another  agent  was  used,  or  the  patient 
exp i red . 

RESULTS 

Nearly  all  the  patients  had  a markedly  reduced  systemic  vascular 
resistance,  reduced  pulmonary  vascular  resistance,  and  an  elevated 
cardiac  index.  Pulse  rate  varied  from  55  to  120  beats  per  minute.  The 
initial  infusion  of  dopamine  reduced  systemic  vascular  resistance  and 
pulmonary  vascular  resistance.  The  effect  on  cardiac  output  was  vari- 
able. The  ratio  PEP/LVET  was  reduced  by  the  infusion  and  l/PEP^  was 


p ro  1 '•'nqed . In  those  patients  in  which  it  was  possible  to  perform  pre- 
and  postinfusion  creatinine  clearances,  creatinine  clearance  was  im- 
proved. As  the  rate  of  dopamine  infusion  was  increased,  systemic  re- 
sistance and  cardiac  output  increased.  Pulmonary  resistance  was 
usually  unchanged.  In  no  case  did  systemic  vascular  resistance  achieve 
normal  values,  in  spite  of  cardiac  indices  as  high  as  7-31  L/min/m^. 

DISCUSSION 

Faced  with  the  problem  or  a patient  in  septic  shock  who  has  a 
normal  or  elevated  central  venous  pressure  and  pulmonary  capillary 
wedge  pressure,  one  has  a choice  of  several  sympathomimetic  amines 
which  can  be  used  to  elevate  the  blood  pressure  and,  hopefully, 
maintain  renal,  coronary,  and  cerebral  perfusion.  The  use  of  such 
drugs  is  not  without  complication.  Epinephrine  and  norepinephrine 
contain  alpha  and  beta  stimulating  properties,  epinephrine  having 
more  beta  effect  than  norepinephrine,  particularly  at  low  doses. 

In  doses  high  enough  to  raise  systemic  pressure  in  septic  shock, 
the  alpha-stimulating  effect  may  predominate.  This  results  in 
reduced  splanchnic  and  renal  perfusion.  Coronary  blood  flow  rises 
secondary  to  increased  myocardial  metabolism.  Isoproterenol,  a 
potent  beta  stimulator,  will  produce  vasodilation.  This  may  result 
in  increase.'  hypotension  and  reduced  cerebral  and  renal  perfusion, 
in  spite  of  increased  cardiac  output.  In  addition,  the  infusion 
of  isoproterenal  is  associated  with  arrhythmias  and  prolonged  use 
may  result  in  myocardial  mi c ro i n fa  rets . 

Dopamine  is  a precursor  of  norepinephrine  and  as  such  is  a 
naturally  occurring  catecholamine.  In  the  last  several  decades,  it 
has  been  extensively  compared  to  the  other  sympathomimetic  amines. 

More  recently,  :t  has  undergone  considerable  investigation  in 
treatment  of  several  clinical  conditions  associated  with  reduced 
myocardial  function. 

Goldberg  has  reviewed  the  pharmacology  of  dopamine  in  normal 
and  pathologic  cond i t ions . 1 » 2 He  cites  studies  which  show  dopamine 
has  both  alpha  and  beta  adrenergic  properties.  Dopamine  was  shown  to 
have  1/13  to  1/25  the  vasocons t r i ct i ng  properties  of  norepinephrine. 

In  addition,  Goldberg  states  dopamine  has  both  an  indirect  and 
direct  cardiac  action  which  prod'ces  both  positive  inotropic  and 


1.  Goldberg  LI:  Ca rdi ovascul ar  and  renal  actions  of  dopamine: 

potential  clinical  applications.  Fharm  Rev  24:1-29,  1972. 

2.  Goldberg  LI:  Dopamine  • clinical  uses  of  an  endogenous 

catecholamine.  New  Eng  J Med  2° i : 707" 7 1 0 , 1974. 


Dopamine  also  improves  renal  perfusion  through  its  direct  effect 
on  dopami nergen i c receptors  in  the  renal  vessels. 3 Dopamine  has  also 
been  shown  to  increase  renal  sodium  clearance. 

Central  to  the  consideration  of  any  pressor  in  the  therapy  of 
shock  is  its  effect  on  coronary  blood  flow.  Brooks,  et  al,  felt  that 
dopamine  was  a potent  coronary  vasodilator  but  that  the  increase  in 
blood  flow  was  secondary  to  increased  oxygen  consumption.^  Naylor  and 
coworkers  showed  dopamine  either  increased  or  decreased  coronary  re- 
sistances in  isolated  heart  preparations  depending  upon  the  dose  ad- 
ministered. ^ Vatner  and  Higgins°  have  shown  a direct  coronary  vaso- 
dilating effect  of  dopamine  in  intact  awake  dogs  which  had  undergone 
combined  alpha  and  beta  receptor  blockade.  Hence,  it  would  appear 
dopamine  has  a direct  effect  on  the  coronary  arteries  through  its 
alpha  and  dopami nergen ic  effects  and  an  indirect  effect  via  the  in- 
crease in  myocardial  oxygen  consumption. 

Because  of  its  beneficial  effect  on  the  renal  and  splanchnic  cir- 
culation in  addition  to  its  ability  to  improve  myocardial  action, 
dopamine  has  been  evaluated  in  several  types  of  shock.  Carvalho  and 
colleagues?  evaluated  these  effects  of  dopamine  infusion  in  traumatic, 
hemorrhagic,  and  cardiogenic  shock.  in  dogs  subjected  to  traumatic 
shock,  dopamine  increased  cardiac  output  108  per  cent,  mean  coronary 

3.  Yeh  BK,  McNay  JL,  Goldberg  LI:  Attenuation  of  dopamine  renal 

and  mesenteric  vasodilation  by  haloperidol:  Evidence  for  a specific 
dopamine  receptor.  J Pharm  Exp  Therap  1 68 : 303-309 , 19&9- 

k . Brooks  HL,  Stein  PD,  Matson  JL,  Hyland  JW:  Dopamine- i nduccd 

alterations  in  coronary  hemodynamics  in  dogs.  C i rc  Res  2A:699_704, 
1969. 

5.  Naylor  WG,  Mclnnes  I , Stone  J,  Carson  V,  Lowe  TE:  Effect  of 

dopamine  on  coronary  vascular  resistance  and  myocardial  function. 
Cardiov  Res  5:161  — 1 68 , 1971- 

6.  Vatner  SF,  Mi lland  RW,  Higgins  CB:  Coronary  and  myocardial 

effects  of  dopamine  in  the  conscious  dog:  Parasympatholytic  augmen- 

tation of  pressor  and  inotropic  actions.  J Pharm  Exp  Therap  187:280- 
295,  1973. 

7.  Carvalho  N,  Vyden  JK,  Bernstein  H,  Gold  H,  Corday  E:  Hemo- 

dynamic effects  of  3-hydroxytyramine  (dopamine)  in  experimentally 
induced  shock.  Am  J Cardiol  23:217-223,  19&9- 
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blood  flow  increased  nearly  three  times  while  coronary  resistance  fell 
31  per  cent.  Both  renal  and  mesenteric  arterial  flow  were  increased 
and  resistance  in  both  systems  fell.  Dopamine  increased  mean  arterial 
pressure  while  decreasing  peripheral  resistance.  Coronary  blood  flow 
doubled.  Mean  renal  blooo  flow  increased  from  132  to  164  ml/min-' 
while  resistance  decreased  slightly.  Superior  mesenteric  flow  was  in- 
creased but  resistance  was  unchanged. 

In  cardiogenic  shock,  dopamine  increased  mean  systemic  pressure, 
cardiac  output,  cardiac  work,  renal  and  splanchnic  blood  flow.  Periph- 
eral resistance  was  unchanged. 

Q 

MacConnell,  et  al , examined  the  effect  of  dopamine  on  shock  sec- 
ondary to  sepsis,  myocardial  infarction,  and  neurologic  trauma.  Both 
patients  with  sepsis  expired  although  one  died  of  neurologic  compl ica- 
t i ons . 

The  vast  majority  of  investigations  have  examined  the  effects  of 
dopamine  infusion  on  shock  secondary  to  depressed  myocardial  function 
following  myocardial  infarction  or  open-heart  surgery.  Rosenbl urn  and 
Frieden^  administered  dopamine  to  15  patients  suffering  from  hypoten- 
sion following  cardiopulmonary  bypass.  The  dosage  used  varied  from 
3 to  25  /jg/kg  for  periods  up  to  332  hours.  Two  thirds  of  the  patients 
showed  improvement  in  blood  pressure,  urine  flow,  and  peripheral  vaso- 
constriction. Six  of  those  responsive  to  dopamine  were  discharged  from 
the  hospital.  All  five  of  the  patients  not  responsive  to  dopamine  were 
unresponsive  to  other  agents  and  died. 

Holzer  and  coworkers^®  also  examined  the  effects  of  dopamine  in 
patients  with  cardiogenic  shock.  They  were  able  to  show  a significant 
increase  in  urinary  output  and  decrease  in  left  ventricular  filling 
pressure  in  survivors.  They  concluded  that  dopamine  either  alone  or 
together  with  other  agents  was  useful  in  the  treatment  of  cardiogenic 
shock . 


8.  MacConnell  KL , McNay  JL,  Meyer  MB,  Goldberg  LI:  Dopamine  in 
the  treatment  of  hypotension  and  shock.  New  Eng  J Med  275:1389-1398, 

1 966 . 

9.  Rosenblum  R,  Frieden  J:  intravenous  dopamine  in  the  treatment 

of  myocardial  dysfunction  after  open-heart  surgery.  Amer  Heart  J 83: 
743-748,  1972. 

10.  Holzer  J,  Karliner  JS,  O'Rourke  RA,  Pitt  W , Ross  J:  Effec- 

tiveness of  dopamine  in  patients  with  cardiogenic  shock.  Amer  J 
Cardiol  32:79-84,  1973- 
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Marchetti  and  coworkers''  studied  the  use  of  dopamine  in  experi- 
mentally induced  endotoxin  shock.  E.  col i endotoxin  produced  a de- 
crease in  aortic  pressure,  dp/dt,  aortic  flow,  cardiac  work,  coronary, 
mesenteric,  and  renal  blood  flow.  Twenty  ug/kg/min  of  dopamine  raised 
left  ventricular  pressure,  dp/dt,  cardiac  index,  and  coronary  flow. 
Aortic  pressure,  mesenteric,  renal,  and  femoral  flows  remained  below 
normal . The  effect  of  dopamine  in  this  experimental  model  is  consis- 
tent with  those  reported  in  our  study  in  which  cardiac  index  was 
raised.  One  would  have  to  assume,  however,  that  an  increase  in  cardiac 
index  with  either  no  change  or  a decrease  in  vascular  resistance 
represents  increased  peripheral  blood  flow.  Winslow,  et  al,'^  com- 
pared norepinephrine,  dopamine,  and  isoproterenol  in  patients  with 
septic  shock.  There  was  no  difference  in  the  hemodynamic  response  to 
the  various  agents  between  survivors  and  nonsurvivors.  With  dopamine, 
there  were  significant  increases  in  mean  arterial  pressure,  heart  rate, 
cardiac  index  and  stroke  volume.  Thirty-two  per  cent  of  the  patients 
in  the  dopamine  series  were  adequately  resuscitated. 

The  only  paramei_er  available  to  evaluate  renal  blood  flow  was 
the  two  hour  creatinine  clearance.  Although  increased  in  those  pa- 
tients who  were  oliguric,  the  creatinine  clearance  in  burn  patients 
not  in  shock  has  shown  a 100  per  cent  variation.  The  findings  of 
improved  creatinine  clearance  are  supported  by  Beregovich  and  co- 
workers, '3  who  reported  an  average  increase  in  creatinine  clearance 
of  53  per  cent  above  control  values  in  patients  suffering  from  con- 
gestive failure.  In  this  study,  dopamine  was  infused  at  a rate  of 
1 0 ug/kg/mi n . 

The  effect  of  dopamine  infusion  on  the  pulmonary  resistance  may 
be  an  important  consideration  in  patients  suffering  from  respiratory 
insufficiency  and  hypotension.  An  increase  in  resistance  may  increase 
ventilation-perfusion  mismatch  by  redistribution  of  flow.  Low  dose 
dopamine  produced  a fall  in  pulmonary  resistance.  That  was  true  even 
though  pulmonary  resistance  was  below  normal  prior  to  dopamine  infusion. 


11.  Marchetti  G,  Longo  T,  Nurdo  L,  Noseda  V:  The  effects  of 

dopamine  on  cardiogenic  and  endotoxin  experimental  shock.  Europ  Surg 
Res  5:175-185,  1973- 

12.  Winslow  EJ , Loeb  HS,  Rahimtoola  S,  Kamath  S,  Gunnar  R:  Hemo- 

dynamic studies  and  results  of  therapy  in  50  patients  with  bacteremic 
shock.  Amer  J Med  54:421-432,  1973- 

13.  Beregovich  J,  Bianchi  C,  Rubier  S,  Lomnitz  E,  Cag'n  N, 

Levitt  B:  Dose-related  hemodynamic  and  renal  effects  of  dopamine  in 

congestive  heart  failure.  Amer  Heart  J 87:550-557,  1974. 
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This  was  in  contrast  to  the  findings  reported  by  Rosenblum,  Tai,  and 
Lawson, ^ who  reported  no  change  in  pulmonary  resistance  in  patients 
with  a normal  initial  value. 

Although  no  patients  admitted  to  this  study  ultimately  survived, 
this  was  most  likely  due  to  an  inability  to  eliminate  the  source  of 
sepsis  rather  than  the  ineffectiveness  of  dopamine.  This  study  has 
shown  that  dopamine  is  capable  of  improving  cardiac  performance  and 
at  the  same  time  maintaining  peripheral  perfusion  without  producing 
arrhythmias  or  hypotension. 


1 4 . Rosenblum  R,  Tai  AR,  Lawson  D:  Dopamine  in  man:  Cardiorenal 
hemodynami cs  in  normotensive  patients  with  heart  disease.  J Pharm  Exp 
Therap  183:256-263,  1972. 
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The  objective  of  this  protocol  is  an  attempt  to  orolong  the  survival 
of  allograft,  not  tissue  typed,  in  massive  thermal  injury  where  the 
thermal  injury  is  excised  in  stages,  covered  with  allograft,  and  the 
patient  immunosuppressed  a) loving  the  oraf t to  take  for  periods  of  AO  to 
60  days  while  donor  sites  become  available  for  recropping.  To  dote  one 
patient  has  been  studied,  a 25  year  old  white  female  with  an  85-t  thermal 
injury,  mostly  third.  She  had  excision  of  burn  wounds  of  the  arms,  lees 
and  a portion  of  the  anterior  chest.  She  was  maintained  in  reverse  iso- 
lation and  immunosuppressed  for  10  days.  However,  the  patient  had  a 
positive  blood  culture  prior  to  starting  her  immunosuppression.  She  had 
an  inhalation  injury  documented  upon  admission  and  she  died  of  sepsis 
10  days  after  starting  the  excisions  and  i mmunosuppress i or . 

No  other  patients  have  been  done  to  date.  We  are  awaiting  further 
candidates  with  70E'  third  degree  injury  and  installation  of  a laminar 
flow  capability  where  the  patient  can  be  more  successfully  isolated. 
However,  the  laminar  flow  may  not  play  a large  role  and  we  will  continue 
to  excise  and  immunosupprcss  large  burns  in  an  attempt  to  prolong  homo- 
qraf t survi val . 
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23.  (U)  Evaluation  in  terms  of  draping  characteristics,  absorbency,  physician 
acceptance , and  bacterial  barrier  qualities  of  a Spunbonded  Olefin-cellulosic  Laminated 
sheeting  as  surgical  drapes  and  gcwns . A decrease  in  bacterial  seeding  of  operative 
wounds  via  drapes  will  minimize  postoperative  wound  infections  decreasing  subsequent 
morbidity  and  mortality  in  injured  troops. 

24.  (U)  Laboratory  assessrent  of  bacterial  barrier  of  synthetic  sheeting.  Clinical 
use  of  drapes  on  bum  patients  to  determine  surgeon  acceptability.  Photographic 
documentation  of  draping  characteristics,  absorbency,  and  ”run-off''.  Pre-  and 
postoperative  cultures  at  margin  of  operative  field.  Temperature  monitoring  to 
determine  heat  transmissioi  characteristics. 

25.  (U)  74  07  - 75  06  Repeat  studies  of  the  bacterial  barrier  properties  of  the 
synthetic  sheeting  have  confirmed  a variable,  irregular  penetration  by  a variety  of 
organisms.  The  creation  of  small  defects  during  the  manufacture  appears  to  be  a likely 
cause  for  this  "barrier  breakdown".  New  material  samples  are  to  be  tested  with 
organisms  penetration  related  to  microscopic  sheeting  perforations  if  possible. 
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Available  surgical  drapes  are  either  uncertain  bacterial  barriers  or  possess 
undesirable  physical  properties  which  limit  their  usefulness  and  clinical  ac- 
ceptance. A synthetic  sheeting  of  Spunbonded  Olefin  was  initially  evaluated 
in  both  laboratory  and  clinic  and  found  to  be  a reliable  bacterial  barrier  but 
to  drape  poorly  and  to  permit  quantitative  fluid  run-off. 

At  present,  a thin  layer  of  Spunbonded  Olefin  is  sandwiched  between  two 
layers  of  cellulosic  material  with  the  resulting  laminate  mechanically  softened 
in  the  manufacturing  process.  The  cellulosic  material  is  absorbent  and  thereby 
diminishes  fluid  run-off  and  the  softening  has  improved  the  draping  charac- 
teristics of  the  sheeting.  Unfortunately,  however,  this  processing  appears  to 
have  destroyed  the  reliability  of  the  bacterial  barrier  of  the  resulting  sheeting. 
Repeat  testing  as  reported  last  year  has  confirmed  the  synthetic  sheeting  as 
currently  produced  to  be  an  unreliable  bacterial  barrier  with  irregular  pene- 
tration by  a variety  of  test  organisms  including  Pseudomonas  aeruginosa, 
Klebsiella  pneumoniae,  Serratia  marcescens,  Escherichia  col i and  Staphy- 
lococcus aureus . Since  individual  discs  of  the  material  tested  showed  no  bac- 
terial penetration,  the  possibility  that  bacterial  passage  occurs  through  mi- 
croscopic sheeting  defects  generated  by  the  manufacturing  process  is  being 
evaluated.  Sheeting,  as  prepared  by  revised  processing , is  also  being  for- 
warded for  evaluation  of  bacterial  barrier  properties,  using  the  test  procedures 
developed  in  the  course  of  this  study.  The  unreliability  of  the  previously 
tested  sheeting  as  a bacterial  barrier  militates  against  its  use  as  a surgical 
drape  or  surgical  gown  material . 
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23.  (U)  To  define  the  relationship  between  surface  cooling  and  hypermetabolism  in  a 
controlled  ambient  environment,  to  determine  the  mediator  of  the  profound  hyper- 
catabolic  response  following  thermal  injury'  ,ind  the  mechanisms  of  s ti  e u- induce  0 heat 
production  in  burned  soldiers. 

24.  (U)  The  use  of  a controlled  environmental  study  roan  to  measure  metabolic  rate  at 
various  tanperatures ; concomitantly , measurements  of  water  loss,  heat  production,  core 
temperature,  mean  skin  temperature,  and  calculation  of  heat  transfer  eoeff.ei  r-r.-  and 
routes  of  heat  loss.  Simultaneously,  measurements  of  blood  substrate,  urine  and 
plasma  catecholamines , blood  hormone  levels,  and  correlation  of  total  bixiy  metabolism 
with  energy  demand  are  performed. 
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and  atropine  have  been  performed.  I he  central  nervous  svstan  is  essential  to  ev» 
metabolic  response  to  injurv.  Inrerrinfion  of  afferent  nervous  innut  fram  the  bum 
wound  did  not  modify  the  post- traumatic  response  Metabolic  rate  decreased  with 
morphine  administration  iri  bum  patients,  inhalation  <>(  inert  gas  in  normals 
diminished  the  hypermetaho Lie  response  to  cold  stress.  Other  pharmacologic  attempts 
to  modify  the  stress- induced  reflex  arc  at  the  hvpotha Lamic  Level  have  not  n-en 
effective.  Studies  of  glucose  kinetics  and  glucose  1 Low  demonstrate  a ch>.-.e 
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The  afferent  and  efferent  limbs  of  the  reflex  arc  which  initiates 
the  hype rcatabol ic  response  to  thermal  injury  were  evaluated.  Hyper- 
metabolism was  not  affected  by  denervation  of  the  injured  area  or  with 
application  of  topical  anesthesia  to  the  burn  wound.  Admi n i s t rat i on  of 
drugs  known  to  affect  central  temperature  regulation  did  not  diminish 
the  hype rcatabol i c response.  However,  oxygen  consumption  fell  with 
central  nervous  system  narcosis,  and  hype rme tabo) i sm  was  absent  in  a 
patient  with  brain  death,  demonstrating  the  importance  of  the  central 
nervous  system  to  the  stress  response.  Glucose  flow  was  elevated  in 
noninfected,  hypermetabol ic , burn  patients,  and  was  related  to  oxygen 
consumption.  Gram  negative  sepsis  in  burn  patients  resulted  ’ ■ a 
decrease  in  glucose  flow  and  oxygen  consumption.  The  et’ology  of  the 
increased  heat  production  in  injured  man  appears  to  be  related  rr  in- 
creased g 1 uconeogenes i s and  accelerated  glucose  cycling,  .ii reeled  b 
increased  activity  of  the  sympathetic  nervous  system. 
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STUDIES  OF  THE  CFFECT  OF  VARIATIONS  Of  TEMPERATURE  AND  HUMIDITY 
ON  ENERGY  DEMANDS  OF  THE  BURNED  SOLDIER  IN 
A CONTROLLED  METABOLIC  ROOM 

The  reflex  arc  which  initiates  the  pos t -t raunat i c metabolic  re- 
sponse to  injury  consists  of  nervous  and/or  hormonal  afferent  signals 
to  the  central  nervous  system,  with  homeostatic  readjustment  in  the 
hypothalamus  resulting  in  pituitary  and  sympathoadrenal  discharge. 

This  endocrine  environment  then  directs  the  hype rme tabo I i c response  to 
injury  and  mediates  alterations  in  flow  of  energy  substrate.  This  re- 
port emphasizes  the  importance  of  the  hypothalamus  to  this  reflex  arc 
and  evaluates  afferent  stimuli  and  central  nervous  system  mechanisms 
which  could  affect  the  stress  response  to  thermal  injury.  In  addition, 
interrelationships  between  glucose  flow  and  heat  production  suggest 
that  the  biochemical  etiology  of  heat  production  in  man  can  be  ex- 
plained by  interaction  between  substrate  cycling,  gl uconeogenes i s , 
and  increased  oxygen  consumption  following  stress  and  injury. 

MATERIALS  AND  METHODS 

A variety  of  patients  have  been  studied,  most  with  burns  greater 
than  35-'  of  their  body  surface  area.  None  of  the  patients  had  blood 
stream  infection  at  the  time  of  study,  and  most  were  evaluated  during 
the  second  or  third  week  postinjury,  during  the  height  of  their  hyper- 
catabolic  response  to  thermal  injury.  All  patients  were  studied  in  an 
environmental  chamber,  at  comfort  temperature  between  30  and  33°  C 
unless  otherwise  noted.  Oxygen  consumption  was  measured  using  Douglas 
bag  technique,  and  core  temperature  was  monitored  continuously  from  in- 
dwelling probes  placed  in  the  rectum  and  external  auditory  canal. 

Mean  skin  temperature  was  calculated  from  multiple  surface  temperatures, 
measured  from  burned  and  unburned  areas,  not  in  contact  with  the  mat- 
tress. These  measurements  were  weighted  ma thema t i ca 1 1 y by  surface  area 
to  determine  the  overall  contribution  to  mean  skin  temperature,  as 
previously  described. ' In  selected  studies,  urinary  catecholamines, 
glucose,  insulin,  and  growth  hormone  were  measured. 

THE  METABOLIC  RESPONSE  TO  COMBINED  THERMAL  AND 
CENTRAL  NERVOUS  SYSTEM  INJURY 

Four  burn  patients  with  associated  injuries  of  the  central  nervous 
system  have  been  studied  to  date  (Table  1).  Two  individuals  who  sus- 
tained cerebral  contusion,  in  association  with  flame  injury,  demon- 
strated measured  metabolic  rates  which  were  greater  than  those  predicted 


1.  Wilmore  DW , Mason  AD  Jr,  Johnson  DW , Pruitt  BA  Jr:  Effect  of 
ambient  temperature  on  heat  production  and  heat  loss  in  burn  patients. 
J Appl  Physiol  38:593-597,  1975- 
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fro:"  the  si  ze  of  burn  injury  alone,  suggesting  that  head  trauma  exerts 
an  adJitive  effect  to  the  metabolic  response  to  Lhermal  injury.  A 
patient  witn  thoracic  spinal  cord  injury  and  paraplegia,  60-'  total 
body  surface  burn,  and  cerebral  contusion  .-.as  markedly  hype  rme  t abo  I i c , 
consistent  with  the  degree  of  his  extensive  trauma.  This  metabolic 
response  occurred  despite  denervation  of  a major  portion  of  his  cuta- 
neous injury,  which  was  over  his  lower  trunk  and  lower  extremities, 
and  despite  denervation  of  a large  portion  of  his  muscle  mass.  Finally, 
a patient  with  a 23-  burn,  and  brain  death  resulting  from  cerebral  ederm 
(determined  by  f!at  EEG)  was  hypometabo I i c , le^s  than  normal  predicted 
basal  levels  for  uninjured  man  and  below  56.1  kca  1 /m^/hour  predicted 
for  individuals  with  thermal  injury  of  .omparable  size. 

INTERRUPTION  OF  PFRIPHERAL  NERVOUS  STIMULATION  FROM  THE  INJURY 

To  evaluate  the  role  of  peripheral  nervous  stimulation  from  the 
injured  area,  metabolic  rate,  core  temperature,  and  urinary  catechola- 
mines were  measured  in  three  patients  during  the  resting  state,  fol- 
lowing four  hours  of  equilibration  in  ambient  comfort  conditions.  One 
per  cent  viscous  lidocaine  ( Xy 1 oca i ne^)  was  then  appl'ed  to  the  burn 
wound  to  achieve  total  anesthesia  of  the  second  degree  area  of  injury 
and  to  insure  that  no  afferent  nervous  « t i nul at  ion  from  the  othe-  areas 
of  cutaneous  injury  occurred.  Additional  studies  were  then  performed 
at  2,  A,  and  6 hours  following  the  initial  application  of  the  topical 
anesthetic.  Supplemental  topical  medication  was  applied  periodically 
throughout  the  study  period.  Although  the  patients  were  remarkably 
free  of  pain  following  application  of  the  topical  anesthetic  and  slept 
most  of  the  time  during  the  investigation,  topical  anesthesia  exerted 
no  effect  on  metabolic  rate  or  urinary  catecholamines,  measured  s e ’ i - 
ally  throughout  the  study  (Table  2).  In  u single  patient  with  a 33- 
burn  over  his  lower  extremities,  fracture  of  the  right  femur,  right 
tibia,  and  fracture  dislocation  of  the  right  ankle,  a spinal  anesthetic 
was  administered  and  maintained  for  four  hours  at  the  T4  to  16  level. 

No  significant  effect  on  metabolic  rate  or  core  temperature  was  de- 
tected following  total  denervation  of  the  injured  area  (Table  2;. 

ADMINISTRATION  OF  AGENT5  WHICH  INTERACT  WITH 
CENTRAL  TEMPERATURE  REGULATION 

Previous  studies  have  demonstrated  rha..  burn  patients  sustain  ele- 
vated core  and  skin  temperatures  following  injury, ^ and  this  hyper- 
pyrexia of  thermal  injury  is  a reflection  of  hypermetabolism  and  al- 
terations in  substrate  flow  (Fig.  1).  To  determine  if  the  nyper- 
pyrexia  and  hype rmetabo 1 i sm  of  thermal  injury  could  be  affected  at  the 
hypothalamic  level  by  administration  of  antipyretics,  20  grains  of 


2.  Wilmore  DW , Long  JM,  Mason  AD  Jr,  Skreen  RW , Pruitt  BA  Jr: 
Catecholamines:  mediator  of  the  hypermetabol i c response  to  thermal 
injury.  Ann  Surg  180:653-669,  197^. 
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RECTAL  TEMPERATURE -HYPERPYREXIA  OF  THERMAL  INJURY 
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aspirin  were  admi n i s tc red  orally  every  four  hours  for  two  days  to  three 
patients;  resting  metabolic  rate  was  measured  daily.  Core  temperature 
was  measured  every  two  hours  throughout  the  period  of  study.  Aspirin 
exerted  no  Jetectable  effect  on  metabolic  rate,  and  core  temperature 
during  the  study  period  was  also  unchanged  (Table  3). 

L-dopa  rapidly  crosses  the  blood  brain  barrier,  and  increases  con- 
centrations of  dopamine  and  norepinephrine  within  the  central  nervous 
system.  L-dopa  has  been  reported  to  reduce  core  temperature  in  10  of 
24  normal  men  studied  in  a coo!  envi ronment . 3 L-dopa  was  admin- 
istered by  mouth  in  a 1.5  gram  dose  to  seven  individuals  in  the  early 
morning  following  basal  metabolic  studies.  Five  thermally  injured  and 
two  normal  individuals  participated  in  this  study.  L-dopa  was  absorbed 
in  all  individuals  as  demonstrated  by  an  increa  e in  serum  growth  hor- 
mone level  (from  a mean  of  2.9  ng/ml  to  15-7  ng/ml),  which  occurred  two 
to  three  hours  after  ingestion  of  the  drug.  However,  metabolic  rate 
and  core  temperature  were  unchanged  in  all  individuals  (Table  3)-  In 
fact,  subsequent  studies  demonstrated  a 10  to  15  per  cent  increase  in 
metabolic  rate  in  two  patients  following  admi n i s t rat i on  of  2-2  1/2 
grains  of  the  amino  acid. 

It  has  been  proposed  that  calcium  exerts  a brakinq  effect  on  the 
temperature  center,  which  is  subject  to  ionic  modulation.^  Three  pa- 
tients, with  a mean  burn  size  of  60',  we  re  studied  before  and  after  in- 
duction of  a dose  of  calcium  known  to  evoke  an  endocrine  response.  Cal- 
cium chloride  was  given  i .n  t ravenous  I y as  a loading  dose  of  4 nq  calcium/ 
kg  body  weight,  and  maintained  as  a constant  infusion  over  four  hours. 

In  the  three  patients  studied,  mean  calcium  increased  from  pre-infusion 
values  of  1.2  rng/100  ml  to  11.7.  However,  calcium  infusion  did  not 
exert  an  effect  on  metabolic  rate  or  core  temperature  monitored  through- 
out and  following  the  infusion. 

Atropine  is  known  to  inhibit  cholinergic  receptors  in  the  central 
nervous  system,  and  animal  studies  indicate  that  atrooine  mav  decrease 
heat  production  by  blocking  central  inhibitory  cholinergic  mechanisms.- 
ALropine  acts  on  the  periphery  to  diminish  evaporative  water  loss,  but 

3.  Boyd  AE  , Mager  M,  Angoft  G,  Lcbov:*z  HE:  Effect  oi  acute 
administration  of  L-dopa  on  body  temperature  in  man.  J | Physoil 
37:675-678,  1974. 

4.  Myers  RD:  Primates  in  Comparative  Physiology  ot  The>~-  ,o- 

regulation,  edited  by  GC  Wniiton,  Now  York  f,  London , Academic  re*  ^s  . 
p . 28"3  . 

5.  Ki  rkn.it  rick  WE,  Lomax  P:  ihe  ••f'ect  of  itronine  on  t e odv 

temperature  of  the  rat  fol  lowing  systemic  and  ml  r ict  rchrm  1 n !«••;  v> . 
Life  Science  6:22/3-72/8.  1 96 /. 
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blockade  of  insensible  water  loss  does  not  occur  in  the  burn  patient 
because  of  the  increased  vapor i zat i ona I heat  loss  across  the  injured 
integument.  Atropine  sulfate  was  administered  as  a single  intra- 
venous dose  of  0.0k  mg/kg  body  weight.  No  alteration  in  the  metabolic 
rate  or  core  temperature  was  noted  with  atropine  administration.  in 
one  patient  with  persistent  ext rapyrami dal  movements,  the  atropine 
diminished  muscle  tremors,  and  this  was  associated  with  a decrease  in 
metabolic  expenditure  from  73.3  to  62.6  kca 1 /m2/hour . Atropine, 
however,  exerted  no  effect  on  metabolism  in  the  other  patients,  and  no 
significant  differences  in  metabolic  rate  could  be  distinguished 
io I lowing  at rop i n i za t i on . 

EFFECT  OF  CNS  NARCOSIS  ON  THE  SYMPATHETIC  RESPONSE  TO  STRESS 

Agents  known  to  influence  the  sympathetic  outflow  from  the  hypo- 
thalamus were  subsequently  evaluated  to  determine  their  effects  on  the 
metabolic  response  to  stress.  Inert  gases  exert  central  narcotic  ef- 
fects,& and  the  metabolic  and  respiratory  response  to  three  hours  of 
cold  exposure  (14°  C)  was  measured  in  \k  studies  in  five  normal  males, 
wearing  only  light  cotton  shorts  and  breathing  room  air,  792  helium- 
211  oxygen,  or  792  argon-212  oxygen.  Pulse  rate,  oxygen  consumption, 
core  temperature,  urinary  catecholamines,  blood  glucose,  insulin,  and 
HGH  were  serially  measured.  Eight  additional  comparison  studies  be- 
tween room  air  and  the  helium-oxygen  mixture  were  performed  in  nor.;:,il 
individuals  in  a thermal  neutral  environment  (28°  C) , and  six  other 
studies  compared  the  response  to  intravenous  infusion  of  epinephrine 
(6  wg/min  for  one  hour)  during  inhalation  of  He-C^  and  room  a i >' 

Heat  production  was  significantly  lower  at  the  end  of  three  hours 
of  cold  exposure  during  the  helium-oxygen  inhalation  when  compared  to 
the  Deriod  of  cold  exposure  while  breathing  room  air  (Tit:e  A).  Core 
temperature  fell  to  a greater  extent  during  cold  exposure,  associated 
with  inhalation  of  He-02-  Similar  effects  were  noted  with  the  inhala- 
tion of  argon-oxygen  mixture.  No  effects  on  metabolism  wen  ted  in 
the  t he rma I -neu t ra 1 nonstressed  studies  in  the  normal  i no i v nfu. . i s . 
Metabolic  rate  was  unchanged  following  epinephrine  infusion  while 
breathing  the  helium  and  oxygen  mixture,  suggesting  thul  ,.e  I ium  ...  e:. 
not  act  us  a peripheral  blocking  ...gent  but  dampens  centra.  wi*„;..c.n. 
nervous  system  outflow.  Hypermetabolism  did  not  ecre  .<  i t h 
halation  of  the  incu  t gases  in  the  burn  p.mie-t  >,  an  ! !,k  ■•‘f. 
more  potent  eNS  narcotics  were  then  evaluated. 


Five  •,  t . a i . in  burn  patients  with  a mean  . i n size  of  ai  li- 
sted me  e * !e-.  I ol  intravenous  morphine  or.  i.c  ie  label  ic  anil  < ro- 

tory  response  following  thermal  injury.  An  average  dose  of  .3  g 

6.  fohreiner  HR:  General  biological  effects  of  the  he  I i u ,eno> 

series  ot  elements.  Fed  Proc  2/872-878,  lh(>8. 


morphine  sulfate  per  kg  body  weight  was  given  over  one  hour  following 
basal  studies,  and  serial  oxygen  consumption,  pulse  rate,  minute  ven- 
tilation, core  temperature,  blood  pressure,  and  blood  gases  were  mon- 
itored. Two  of  the  patients  on  ventilators  received  the  largest  doses 
of  the  drug.  Morphine  administration  significantly  decreased  oxygen 
consumption,  pulse  rate,  core  temperature,  and  minute  ventilation, 
while  blood  pressure  and  partial  pressure  of  oxygen  and  carbon  dioxide 
in  the  blood  remained  unchanged  (Table  5,  Fig.  2). 

ALTERATIONS  IN  GLUCOSE  KINETICS 


Blood  glucose  elevation  occurs  following  injury  and  infection,  and 
alterations  in  glucose  dynamics  appear  centra!  to  the  metabolic  re- 
sponse to  stress.  Long  and  associates?  demonstrated  an  increased  rate 
of  glucose  turnover  in  traumatized  and  septic  patients,  and  Gump,  et 
al,  studied  hepatic  glucose  production  in  similar  patients  and  re- 
lated increased  hepatic  glucose  production  to  hype rgl ycemia  in  four  of 
the  nine  patients  studied.  Glucose  disappearance  and  glucose  flow  were 
determined  in  21  burn  patients  with  a mean  burn  size  of  A5%  total  body 
surface,  between  the  6th  and  77th  postburn  day,  and  compared  with 
findings  in  12  normal  individuals  of  comparable  age  and  body  weight. 
Intravenous  glucose  tolerance  tests  were  performed  in  the  early  morning, 
following  a four  to  six  hour  fast,  with  nine  serial  samples  for  serum 
glucose  and  insulin  obtained  over  three  hours  following  the  injection 
of  25  grams  glucose.  The  best  curve  describing  the  discrete  data 
points  was  determined  by  computer  fitting,  and  a mathematical  expres- 
sion written  defining  the  proportionality  constant  for  glucose  disap- 
pearance, the  asymptote  which  the  curve  approached,  and  the  size  of  the 
glucose  space.  The  flow  through  the  glucose  space  was  calculated  as 
described  by  Hlad  and  associates. 3 

Glucose  flow  was  significantly  elevated  in  the  17  burn  patients 
studied  between  the  6th  and  16th  day  postburn  when  compared  with  normal 
individuals  or  the  recovered  patients  (Table  6).  Glucose  flow  during 
the  second  postburn  week  was  related  to  the  extent  of  injury  (Fig.  3), 
and  fell  with  time  in  a curvilinear  manner  to  normal  values  with  clo- 
sure of  the  burn  wound  (Fig.  A).  The  increased  glucose  flow  and  ele- 
vated fasting  serum  glucose  observed  following  injury  did  not  result 
from  prolonged  glucose  d i sappea ranee  (Fig.  5)  or  from  alterations  in  the 

7.  Long  CL,  Spencer  JL,  Kinney  JM,  Geiger  JW : Carbohydrate 

metabolism  in  man:  Effect  of  elective  operations  and  major  injury. 

J Appl  Physiol  31  : 1 10-1 16,  1971  - 

8.  Gump  FE , Long  C,  Killian  P,  Kinney  JM:  Studies  of  gluco 

intolerance  in  septic  injured  patients.  J Trauma  lA:3/8-38d,  I q / -t . 

9.  Hlad  CJ  Jr,  Llrick  H,  Witten  TA:  Studies  on  the  kinetic  -m 

glucose  utilization.  J Clin  Invest  35:1129-11^9,  1956. 


TABLE  5 


ALTERATIONS  WITH  MORPHINE  ADMINISTRATION  TO  FIVE  BURN  PATIENTS 

(Mean  + S . E . ) 


Before 

Af  te  r 

Minute  volume  (L/min) 

21 .5+2.5 

12.0  + 1.0 

Frequency  (breaths/mi n) 

20.4  + 1.9 

13-8  + 1 .6 

Metabolic  rate  (kcal/m^/hr) 

77-4  + 5.9 

55.0  + 3-7 

Ventilatory  equivalent  (L/L) 

41.2  + 6.7 

32.0  + 4.1 

Pulse  rate  (beats/min) 

115  + 4 

104  + 5 

Core  temperature  (°C) 

38.2  + 0. 1 

37.3  + 0.1 

f 


♦ icn 

* 80 
+ er 

t 40  t 
+ 20 
0 


21  y.o.  d1  83  % TBS  BURN 

Basal  Metabolic  Rate 


Rectal  Temperature 


-4- 


-4- 


-t- 


-4- 


12  16  20  24  4 


18  12  16  20  24  4 8 

I Morphine  Sultote  0.75  mg./KG/hr. 


TIME, HOUR  OF  DAY 


Figure  2.  A prompt  decrease  in  oxygen  consumption  and 
core  temperature  occurs  following  morphine  administration. 
Oxygenation  was  normal  throughout  this  study  in  this  patient 
maintained  on  a ventilator. 
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i mBLE  6 


GLUCOSE  FLOW  STUDIES  (Mean  + S.E.] 


| Normals  j Burn  Patients" 


Age  (years) 
Weight  (kg) 


26  + 2 


Asymptote  (mg/100  ml) 
K (100  min-') 

Q.  (mg/kg/mi n) 


70+2 
4.01  + 0.56 


29  + 3 


66. A + 3-9  i 67.3  + 2.7 


Glucose  space  (L/kg)  j 0.152  + 0.010  ; 0.177  + 0.010 


U3+  5"';- 

5.27  + 0.51 


3.92+0.32  10.12+  0.95- 


'"9th  postburn  day  average  day  of  study;  •'■  •'■  p < 0 . 00  1 


GLUCOSE  flow  mg/kg/mm 


EFFECT  OF  THERMAL  INJURY  ON  GLUCOSE  FLOW 

14-1  • 


f 


I 


0 5 io  ii  20  2!5  30  35  40 

DAY  POSTBURN 


Figure  4.  Glucose  flow  returns  to  normal  with 
closure  of  the  burn  wound,  as  demonstrated  by  the 
regression  curve  calculated  for  the  average  burn 
size.  Note  that  glucose  flow  is  related  to  total 
body  weight,  time  postinjury,  and  size  of  injury, 
and  returns  to  normal  as  glucagon  and  catecholamine 
levels  decrease  (See  Fig.  1). 
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Figure  5.  Comparable  glucose  disappearance 
occurred  following  an  intravenous  injection  of  25 
g glucose  in  burn  patients  and  controls  (propor- 
tionality constant  is  exponent  in  equations).  The 
persistent  hyperglycemia  of  injury  (asymptote  the 
curves  approach  is  first  term  of  the  equations)  is 
a result  of  increased  hepatic  production  of  glucose, 
not  abnormal  peripheral  disposal.  Curves  compara- 
ble to  those  obtained  from  the  burn  patients  can 
be  obtained  by  infusion  of  10/  dextrose  to  normal 
men,  equ i 1 i brat i ng  at  a steady  state,  and  then 
injecting  a 25  9 glucose  dose.  Points  represent 
mean  values  + S.E. 
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q 1 uv  0'>e  space,  which  was  equivalent  to  the  extracellular  fluid  compart 
ment.  Thus,  following  resuscitation  in  burn  patients,  the  elevated 
blood  glucose  is  related  to  the  increased  entry  of  glucose  into  the 
extracellular  fluid  compartment  (increased  hepatic  production),  at  a 
time  when  the  proport ional i ty  constant  for  glucose  d i sappea ranee  is 
no  psj  1 . 


Simultaneous  studies  of  glucose  flow  and  oxygen  consumption  were 
performed  in  10  normals  and  17  uninfected  burn  patients  to  determine 
the  relationship  between  heat  production  and  glucose  flow.  A close 
re  I a t i onsh i p between  glucose  flow  and  oxygen  consumption  occurred 
(Fig.  6).  However,  the  patients  were  not  utilizing  giucose  as  a 
primary  fuel  substrate,  as  demonstrated  by  low  respiratory  quotients 
(0.70-0.75)  reflecting  fat  oxidation. 

METABOLIC  ALTERATIONS  IN  SEPTIC  BURN  PATIENTS 

Hypermetabolism  and  loss  of  i n t race  1 1 u 1 a r constituents  have  been 
commonly  associated  with  infection  in  man,  and  it  appears  that  infec- 
tion exerts  its  catabolic  alteration  in  body  metabolism  by  way  of  the 
sympa the t i c-rned i a ted  stress  response.  However,  patients  wi th  large 
thermal  injury  continue  to  die  from  the  infectious  complications  of 
their  injury,  and  the  interaction  between  the  extensive  stress  of  in- 
jury and  superimposed  blood  stream  infection  has  not  previously  been 
described.  Eighteen  studies  of  heat  production  and  heat  loss  were  per- 
formed in  10  septic  burn  patients,  al1  with  proven  bacteremia,  demon- 
strated by  positive  blood  culture  obtained  at  the  time  of  study.  All 
patijnts  maintained  an  adequate  urine  output  at  the  t i rue  of  study  and 
did  not  demonstrate  hypotension  or  signs  of  cardiovascular  instability. 
Metabolic  rate,  core  and  skin  temperature,  urine  and  plasma  catechola- 
mines, were  measured  as  previously  described.  Glucose  kinetics  were 
measured  in  11  patients  with  oositive  blood  stream  cultures  for  gram 
negative  organisms.  These  patients  were  considered  to  have  mild  or 
moderate  infection  at  the  time  of  study,  and  none  had  cardioc i rcul atory 
instability,  although  a decrease  in  core  temperature  was  frequently 
noted  in  all  individuals. 

Metabolic  rate  was  significantly  decreased  in  the  10  septic  pa- 
tients studied.  The  mean  metabolic  rate  was  50.3  ± 2 kca I /m2/hou r , com- 
pared with  predicted  or  measured  rates  in  nonsept ic  intervals  which 
averaged  73  t 1.2  kca 1 /m2/hou r . Urinary  catecholamines  were  markedly 
elevated  in  these  patients,  averaging  910.8  + 406  ,uq/hour,  and  this 
level  of  catecholamine  excretion  was  inappropriately  high  for  the  meta- 
bolic response  measured.  Glucose  kinetics  were  markedly  deranged  in 
the  ceptic  patients  when  compared  with  the  nonsept ic  group  of  thermally 
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injured  individuals  (Table  7).  A consistent  finding  was  the  signifi- 
cantly decreased  proportionality  constant  for  glucose  d i sappearance 
into  the  periphery,  as  denionst  rated  by  the  d i abe  t i c-  1 i ke  glucose  tol- 
erance curves  following  sepsis  (Fig.  7)-  In  addition,  glucose  flow 
through  the  extracellular  compartment  decreased  in  the  patients  with 
: gram  negative  infection.  Simultaneous  measurements  of  both  oxygen  con- 

sumption and  glucose  kinetics  demonstrated  thaL  burn  patients  wi th  gram 
negative  infection  have  a simultaneous  decrease  in  glucose  flow  through 
the  extracellular  space  and  a fall  in  oxygen  consumption. 

DISCUSSION  AND  CONCLUSIONS 

The  reflex  arc  which'  initiates  the  post-traumatic  metabolic  re- 
sponse to  injury  consists  of  nervous  or  hormonal  afferent  signals  to 
the  central  nervous  system,  with  homeostatic  readjustment  in  the  hypo- 
thalamus resulting  in  pituitary  and  sympathoadrenal  discharge.  This 
endocrine  environment  then  directs  the  metabolic  response  which  medi- 
ates the  increased  heat  production  and  alterations  in  substrate  flow. 

The  metabolic  response  to  injury  was  absent  in  a patient  with  brain 
death,  and  studies  using  anesthetics  and  narcotizing  agents  demon- 
strated a marked  reduction  of  the  metabolic  rate  and  catecholamine  ex- 
cretion associated  with  central  nervous  system  narcosis.  Spinal  cord 
trauma,  which  interrupts  the  afferent  nervous  input  from  the  injured 
area;  the  use  of  spinal  anesthesia  above  the  injury;  and  application  of 
topical  anesthetics  to  the  injured  area  did  not  affect  the  metabolic 
response  to  injury.  In  addition,  a variety  of  drugs,  which  are  thought 
to  play  a central  role  in  temperature  regulation,  such  as  salicylates, 
l-dopa,  calcium,  and  atropine,  exerted  ro  detectable  effect  on  the 
hypermetabol i c response  to  thermal  injury  evaluated  in  the  short-term 
studies  described. 

f Hypermetabolism,  negative  nitrogen  balance,  and  weight  loss  char- 

: acterize  the  metabolic  response  to  thermal  injury.  Increase  in  sympa- 

thetic activity  appears  to  mediate  this  response  bv  elaboration  of  cate- 
1 cholamines,  increasing  energy  production  and  interacting  with  insulin 

and  other  hormones  to  exert  direct  cellular  effects  on  heat  production 
j and  to  alter  substrate  flow.  Cold,  pain,  anxiety,  and  hypovolemia  are 

potent  afferent  stimuli  'which  augment  the  catechol  response.  These  fac- 
tors may  be  minimized  by  careful  clinical  management.  However,  the 
basic  reset  in  metabolic  activity  appears  to  be  initiated  by  the  burn 
injury,  and  the  metabolic  events  do  not  return  to  normal  until  permanent 
closure  of  the  cutaneous  wound  has  been  achieved. 

Glucose  flow  through  the  extracellular  space  is  elevated  in  burn 
patients  during  the  peak  of  their  hype rmet abo I i c response  to  thermal 
injury.  Hyperglycemia  and  increased  glucose  flow  is  a result  of  in- 
creased glucose  production,  not  impaired  glucose  d i sappea ranee , and  the 
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TABLE  7 

GLUCOSE  FLOW  IN  BURN  PATIENTS 
(Mean  + S . E . ) 


Age  (years) 

Weight  (kg) 

Burn  size  {%  B .S . ) 
Postburn  study  day 
Glucose  space  (L/kg) 
Asymptote  (mg/ 100  ml) 
K (100  min' ' ) 

Q (mg/kg/min) 


Nonsept i c 

G ram  Negat i ve 
Sepsis 

17 

11 

■ 

29  t 3 

28  t 3 

67.3  t 2.7 

78.1  t 2.8+ 

42  t 5 

74  t 3 ■ 

9 t 1 

8 t 1 

0.177  t 0.010 

0.201  t 0.012 

113  t 5 

113  t 12 

5.27  t 0.51 

2.64  ± 0.59 

10.12  t 0.95 

4.96  t 0 . 72 :V 

SERUM  GLUCOSE  ■ng.-'OO 


GLUCOSE  tClERaNCE  CURVES  .%  GRAM  NEGATIVE  BACTEREMIA 


a = GRAM  NEGATIVE  SEPSIS  I N = i i ) 
• = BURN  PATIENTS  (N=l?) 


igtlSSe00200’.'2  =09834 


114  t I97«°®442*.,*=0997l 


TIME  IN  MINUTES 


Figure  7-  Glucose  tolerance  curves  obtained 
from  burn  patients  with  positive  blood  stream  culture 
for  gram  negative  organisms  demonstrate  a decreased 
proportionality  constant  for  disappearance  of  glucose 
into  the  periphery.  The  fasting  blood  glucose  level 
and  curve  asymptote  appeared  to  be  related  to  the 
severity  of  the  infection  and  virulence  of  the  gram 
negative  organism,  with  K1 ebs i e 1 1 a and  Enterobacter 
species  causing  hyperglycemia,  and  Pseudomonas 
aerugi nosa  associated  with  lower  blood  glucose  levels 
(seve ra  1 individuals  had  measured  fasting  blood 
glucose  levels  of  70  mg/100  ml). 


accelerated  rate  of  g 1 uconeogenes i s is  associated  in  time  with  hyper- 
g 1 ucagonemi a , the  increased  elaboration  of  catecholamines,  and  normal 
fasting  insulin  levels.  These  findings  are  consistent  with  t fie  hypothe- 
sis of  Unger  and  Orci'^  that  insulin  primarily  regulates  peripheral 
glucose  disposal  while  glucagon  controls  hepatic  glucose  production. 
Increased  flow  of  gluocse  to  three  carbon  fragments,  and  conversion  of 
these  intermediates  back  to  glucose,  appears  to  occur  following 
injury.  Entry  of  glucose  into  the  tricarboxylic  ocid  cycle  is  limited, 
and  fat  is  oxidized  as  the  primary  fuel  source,  a finding  consistent 
with  earlier  studies  which  suggest  a partial  block  in  the  metabolic 
pathways  leading  from  three  carbon  to  two  carbon  fragments  during  the 
convalescent  stage  of  trauma.'*  Enzymes  which  favor  conversion  of 
three  carbon  intermediates  to  glucose  are  pyruvate  carboxylase  and 
phosphoenopy ruvate  carboxyk inase ; increased  synthesis  of  these  sub- 
stances in  the  liver  occurs  in  the  presence  of  high  levels  of  glucagon, 
catecho 1 ami nes , glucocorticoids,  and  low  levels  of  insulin,'^  pre- 
cisely the  hormonal  environment  present  during  the  catabolic  phase  of 
i n j u ry . 


Similar  enzymatic  adaptation  occurs  following  prolonged  starvation, 
but  the  major  difference  between  the  hormonal  adaptation  to  starvation 
and  the  response  to  injury  is  the  presence  of  increased  sympathetic 
activity  resulting  in  elaboration  of  catecholamines,  which  characterizes 
the  response  in  the  stressed  state.  Catecholamines,  therefore,  may  not 
only  participate  in  directing  three  carbon  fragment  flow  back  to  six 
carbon  synthesis  but  also  determine  body  glucose  mass  and/or  the  extent 
of  glucose  cycling. 


Heat  production  at  the  cellular  level  appears  to  be  regulated  by 
ATP  hydrolysis  and  ADP  stimulated  substrate  oxidation.  In  heat  gener- 
ating biologic  systems,  ADP  is  the  most  critical  substance  for  "setting" 
f the  respiratory  rate  in  mitochondria,  a regulatory  process  known  as 

acceptor  control.  '3  The  cycling  of  glucose  is  an  energy  requiring 
, process  and  hence  utilizes  ATP  and  generates  ADP.  Oxygen  consumption 

is  closely  related  to  the  rate  of  glucose  flow  through  the  extra- 
cellular space,  and  this  relationship  occurs  at  the  time  when  glucose 
I is  not  the  major  fuel  source  being  oxidized.  One  explanation  for  this 

relationship  is  suggested  by  the  following  hypothesis:  The  ADP  gen- 

erated by  the  "futile  cycle"  of  glucose  controls  the  oxidation  of  fuel, 


10.  Unger  RH , Orci  L:  The  essential  role  of  glucagon  in  the 

pathogenesis  of  diabetes  mellitus.  Lancet  1 : 1^-16,  1975. 

11.  DruckerWR,  Craig  J,  Kingsbury  B,  Hofmann  N,  Woodward  H: 
Citrate  metabolism  during  surgery.  Arch  Surg  85:557_563,  '982. 

12.  Exton  JH:  G 1 uconeogenes i s . Metabolism  21:9*45*990,  1972. 

13-  Hochachka  PW:  Regulation  of  heat  production  at  the  cellular 

level.  Fed  Proc  33:2162-2169,  197*4. 
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he  • ht-jt  production  and  oxygen  consumption  can  be  related  to  glu- 
..  w.-.e  cycling  through  the  ATP-ADP  shuttle  (Fig.  8). 

increased  glucose  flow  through  the  extracellular  compartment  is 
interrupted  in  the  injured  patient  by  gram  negative  infection.  Our 
preliminary  investigations  suggest  the  metabolic  block  occurs  at  the 
level  of  glucose  outflow  from  the  liver  (i.e.,  failure  of  hepatic 
gl uconeogenes i s) , findings  consistent  with  the  effects  of  gram  nega- 
tive infection  in  animals.^  With  diminution  of  glucose  cycling, 
there  is  a simultaneous  decrease  in  oxygen  consumption.  Although 
administration  of  glucose  and  insulin  will  provide  available  substrate 
for  the  periphery,  this  therapy  is  not  effective  in  relieving  the 
specific  metabolic  block  which  interferes  with  hepatic  production 
of  glucose,  and  further  therapy  should  be  aimed  toward  specific  correc- 
tion of  the  altered  physiology. 

Finally,  it  should  be  re-emphasized  that  both  substrate  flow  and 
heat  production  are  controlled  by  the  central  nervous  system,  acting  by 
way  of  the  sympathetic  nervous  system  (Fig.  9).  Increased  sympathetic 
outflow  from  the  hypothalamus  carefully  regulates  mobilization  of  body 
fuel,  flow  rates  of  substrate,  and  final  oxidation,  and  this  finely 
orchestrated  metabolic  response  to  injury  is  controlled  and  directed  by 
the  elaboration  of  catecholamines. 


14.  LaNoue  KF,  Mason  AO  Jr,  Bickel  RG : Carbohydrate  metabolism 

in  Pseudomonas  infection.  Compute-  and  Biomedical  Research  2:51-67, 

I 968  . 


L 


TRAUMA 


C 

c 

1 

L U 

X 

1 

«— 

0 

1 

O 

03 

I 

o 

3 1 — 

03 

/u 

m 

X 

•r.  c 

x 

. — 

O Cl  ^ 

4—> 

0) 

C 

i_ 

0)  — <L> 

c 

•* 

4-J 

•*->  X L- 

o> 

O E 03 

c 

m 

v_ 

o 

03 

x cn 

03 

03 

CL 

C o 

CL  03 

o 

O 3 X 

•-*’ 

■ — 

X 

E 

U 

h-  c 

O 

E 

03 

> 

03 

V 7 03 

oj 

4_l 

i 

L- 

1 

O CL 

X 

c 

3 

03  03 

03  — 

c 

X C X 

c 

v_ 

o 

o 

<U 

•-  Q 

c 

03 

V) 

C 03  4-> 

X 4-J 

0 

U O 

o 

oj 

> 

X 

<13 

• 4-J  C 

03 

X 

c 

. — — 

4-j  03 

o 

— o w~ 

■ — 

03 

IS) 

4-J 

u 

03  03 

O 

— U CL 

CD 

3 

X O 

*-> 

-Q 

O 

03 

X 

i/)  T3  V 

. •. 

o 

U >»  V) 

4-j  Qj 



5 c 

o 

u 

IS) 

X 

4-J 

o—o 

03 

V) 

>-  <J 

0 C 

cn 

03  03 

3 

O 

3 

_o 

4-» 

U X 

. — 

4-J 

c 

u c 

c 

cn  cn  i- 

X 

4-» 

•— 

0) 

in 

3 0^ 

O 

»— 

03 

03  L.  — 

E 

X 

C >-  3 

o 

Cn 

U- 

*-» 

. 4-1 

>- 

3 

cn 

U a) 

V3  03 

4-J 

— X — 

L_ 

V» 

O 

O 

CD  03  — 

o 

V3 

>- 

CL  - 

4—  i_ 

— o — 

X 

L_ 

<13 

<13 

■ 4-1 

03 

X 

03  X-. — .. 

CD 

O 03 

03 

X 

0) 

03 

U 

O o c 

03 

l_ 

o 

1/1  D Q. 

0) 

>-  X X 

+-J 

03 

4-J 

X 

VI 

•— 

4-*  >-  03 

VI 

O O 

V) 

V3 

u c 

oj 

CL 

4-> 

3 

X 

O 3 

0 

C 

X 

u 0)  < 

0 • 

0) 

03  03  X 

. 

<u 

X 

u_ 

03 

-X  CT 

o 

o 

c 

3 X 

u — 

L 

L-  4-J 

c 

X 

03 

O 

E 

o 

X 

L3  VI 

3 

0) 

■ 4-J  L— 

3 03 

03 

•> 

0 

O 

03 

<J 

03  X 03 

4-J 

03  O 

— 3 

U- 

03  >*  2 

C 

c 

L_ 

X 

•— 

X 0)  X 

03 

u 

c 

14- 

03  X 

v_ 

V)  3- 

4-J 

co 

OJ 

o 

U- 

X 

U 4-* 

0) 

o 

0 O C 

03 

O 3 x 

o 

E 

•»- 

•* 

3: 

V) 

03 

03 

• — 

4-.  O 

4-J  X 

4-J 

O — > 03 

3 

OJ 

4-> 

<D 

(U 

03  >-  X 

u 

4-J 

c — 

03  0) 

c 

3 C VJ 

X 

X 

fu 

•— 

• — 

4-J 

4-J  03  X 

4-J 

u 

X — 4-J 

X N 

— — 03 

o 

i_ 

03 

u 

L) 

u 

c 

03  X 

u 

3 

d a o 

4-J  4 — 

cn  oj 

i_ 

3 

N 

03 

>- 

> 

a> 

— 4-*  X 

• — 

X 

4-J  VI  3 

X 

c 

03  i- 

X 

cn 

•— 

X 

O 

u 

E 

X 03 

X 

E 

o 

03  X 

4-J  • — 

o 

X c o 

— 

4-J 

03 

c 

03  X 4-* 

L 

L. 

— *4-  O 

U X 

C — 03 

OJ 

Li_ 

03 

VI 

c 

c 

O 

E O 03 

X 

03 

X 

ID  O L 

03  O 

4-J 

03  2 x 

VJ 

E 

o 

o 

l. 

L-  — 

03 

X 

L.  Q_  <4- 

u 

o 

o 

3 

oj 

X) 

X 

• — 

03  03  3 

4-J 

4-J 

4-J 

03 

>- 

03 

V)  — c 

o 

f U 

i_ 

\_ 

> 

4-*  4-j  cn 

03 

o 

03 

03  4-J  0) 

0)  L- 

L- 

— — o 

3 

V- 

o 

OJ 

03 

c 

C 03  03 

L. 

X 

03 

^ 03  X 

X 03 

C 

1/3  O - 

w 

o 

u 

<u 

— i_  1. 

03 

03 

X 

03  V- 

4~J  E 

Q3  ^4-  4-J 

cn 

Increased  / ^ 
heat  f- — 

production. 


+°v*aL  j? 


Altered  substrate  flour 

(Insulin  • catecholamine  interaction) 


Figure  9.  Afferent  stimuli  cause  readjustment  within  the  hypo- 
thalamus, which  increases  sympathetic  outflow  from  the  central  nervous 
system.  Catecholamines  interact  with  insulin  and  other  hormones  to 
alter  substrate  Now.  but  have  direct  afreets  on  ee  1 I u 1 a r heat  produc- 
tion aoa  hence  increase  metabolic  rate.  Feed i nn  the  patient  will  alter 
substrate  flow,  but  the  degree  or  extent  of  energy  or  nitrogen  balance 
xe  "ts  little  effect  on  heat  product!'  , wh  i ch  returns  to  normal  with 
closure  of  the  burn  wound. 


REFERENCES 


1.  Wilmore  DW,  Mason  AD  Jr,  Johnson  DW,  Pruitt  BA  Jr:  Effect  n< 

ambient  temperature  on  heat  production  and  heat  loss  in  burn  patient'-. 

J Appl  Physiol  38:593-597,  1975. 

2.  Wilmore  DW,  Long  JM,  Mason  AD  Jr,  Skreen  RW,  Pruitt  BA  Jr: 
Catecholamines:  mediator  of  the  hype rmetabol ic  response  to  thermal 
injury.  Ann  Surg  180:653*669,  197^. 

3.  Soyd  AE , Mager  M,  Angoff  G,  Lebovitz  HE:  Effect  of  acute 

administration  of  L-dopa  on  body  temperature  in  man.  J Appl  Phvsiol 
37:675-678,  1 974. 

b.  Myers  RD:  Primates  in  Comparative  Physiology  of  Tnermo- 
regulation,  edited  by  GC  Whitton,  New  York  C London,  Academic  Press, 

P • 283 . 

5.  Kirkpatrick  WE,  Lomax  P:  The  effect  of  atropine  on  the  body 

temperature  of  the  rat  following  systemic  and  intracerebral  injection. 
Life  Science  6:2273-2278,  1967- 

6.  Schreiner  HR:  General  biological  effects  oi  the  he  1 i um-xenon 

series  of  elements.  Fed  Proc  27:872-878,  1 96 8 . 

7.  Long  CL,  Spencer  JL,  Kinney  JM,  Geiger  JW:  Carbohydrate  metabo- 
lism in  man:  Effect  of  elective  operations  and  major  injury.  J Appl 
Physiol  31  : 1 10-1 16,  1971 . 

8.  Gump  FE , Long  C,  Killian  P,  Kinney  JM:  Studit  of  glucose 

intolerance  in  septic  injured  patients.  J T rauma  1^:3/8-388,  197*4. 

9-  Hlad  CJ  Jr,  Elrick  H,  Witten  TA:  Studies  or  the  kinetics  of 

glucose  utilization.  J Clin  Invest  35:1129-11^9,  195'  . 

10.  Linger  RH , Orci  L:  The  essential  role  of  glucagon  in  the 

pathogenesis  of  diabetes  mellitus.  Lancet  1 : 1 A - 1 6 . i 9 7 5 - 

11.  Drucker  WR , Craig  J,  Kingsbury  B,  Hofmann  N,  Woodward  H: 

Citrate  metabolism  during  surgery.  Arch  Surg  85  : *35 7 - 56 3 , 1962. 

12.  Exton  J H : G1 uconeogenes i s . Metabolism  1:9^5-990,  1972. 

13-  Hochachka  PW:  Regulation  of  heat  produ  tion  at  the  cellular 

level.  Fed  Proc  33:2162-2169,  197^. 


310 


RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


1 OAYff  »RtV  SUAW'HT  4 Ml  MO  Of  iUMMART 

74  07  01  D.  CHANGE 


o mo  cooes  • progaa*  ilement 


» title rp..«.di c-)  (U)  Pulmonary  Pathophysiologic  Changes  Following  TherrraJ. 
Iniury  in  Burned  Soldiers  (44) 


IJ  SCieMTIWIC  AN  O Y ECHMOLOGICAt  ARE 

003500  Clinical  Medicine 


& OATfis/e wwecTive 


*0  PINFORWNC  ORGANIIATlON 


Army  Institute  of  Surgical  Research 
. Pulmonary  Section 
Fort  Sam  Hcais ton , Texas  78234 


PRINCIPAL  INVESTIGATOR  fP-«U*A  MAM  H V *.  AU4M> U inmUtutlmm) 


FOREIGN  INTELLIGENCE  NOT  CONSIDERED 


*>*<•  Peter  A.  Petroff,  MAJ,  MC 
<t>.<>»o»<  512-221-4224 

SOCIAL  SECURITY  ACCOUNT  NUMfER 

I associate  iNveiricAToRi 

"*"1  Edwin  W.  Hander,  CPT,  MSC 


, WORDS  (F*acada  BACH  *IO>  S«eNM»fy  Corf*; 

Pulmonary  diffusion;  (U)  Shunt;  (U)  PV  work;  (U)  Bmnsu  QJ) 


TECHNIC  \L  OBJECTIVE.*  1*.  APPROACH,  19  PROGRESS  (Fumlah  ln4l*l<At»l  p*ra«ra*A*  ld«nfin*4  by  nwMf  pracatfa  tail  ot  aacA  IKal'r  Cfaaalftca'len  C«>#a  ) 

23.  (U)  To  identify  the  types  of  pulmonary  lesions  in  burned  soldiers;  to  define  their 
pathophysiology.  Study  is  relevant  to  military  situations  since  most  bum  deaths  are 
due  to  pulmonary  disease. 

24.  (U)  Classify  patients  into  inhalation  and  noninhalation  injury.  In  those  with 
inhalation  injury,  study  serially  lung  volumes  (static  and  dynamic) , flow- volume  loops , 
single  breath  nitrogen  tests  for  closing  volumes,  static  and  dynamic  compliance,  and 
diffusion  capacity.  Compare  with  results  of  xenon  scan  and  bronchoscopy.  In  non- 
inhalation  injuries,  continue  prior  work  with  attention  to  OO2  response  curve , better 
measurement  of  static  lung  volumes  and  use  of  flow-volume  loop , single  breath  tests, 
and  cardiac  output. 

25.  (U)  74  07  - 75  06  Patients  with  positive  xenon  scans  (inhalation  injury)  were 
compared  to  patients  of  similar  age  and  bum  size  but  negative  xenon  scan  (no 
inhalation  injury) . The  former  patients  shewed  evidence  of  obstructive  lung  disease 
(decreased  flew  rates,  elevated  pulmonary  resistance) . In  addition,  nine  patients 
with  negative  xenon  scans  were  studied  shortly  after  atinission  and  again  prior  to 
discharge.  The  patients  shewed  evidence  of  minor  to  moderate  restrictive  disease 
(decreased  vital  capacities) , and  the  patients  who  had  anterior  trunk  injury  had 
slightly  elevated  pulmonary  resistance. 


lo  contractor*  mmi  oHgfnmtor**  approval 


2 


ANNUAL  PROGRESS  REPORT 

PROJECT  NO.  3A161 101A9IC-00,  IN-HOUSE  LABORATORY  INDEPENDENT  RESEARCH 

REPORT  TITLE:  PULMONARY  PATHOPHYSIOLOGIC  CHANGES  FOLLOWING  THERMAL 

INJURY  IN  BURNED  SOLDIERS 


US  ARMY  INSTITUTE  OF  SURGICAL  RESEARCH 
BROOKE  ARMY  MEDICAL  CENTER 
FORT  SAM  HOUSTON,  TEXAS  7823^ 

I July  1974  - 30  June  1975 


I nves  t igators : 

Peter  A.  Petroff,  MD,  Major,  MC 
Edwin  W.  Hander,  MS,  Captain,  MSC 


1 


f: 

)' 


£ 

T) 

r- • 


i 


Reports  Control  Symbol  MEDDH-288(R 1 ) 
UNCLASSIFIED 


313 


ABSTRACT 


t 

l 


PROJECT  NO.  3 A 1 6 1 101 A91C-00,  IN-HOUSE  LABORATORY 

1 1,  REPORT  TITLE:  PULMONARY  PATHOPHYSIOLOGIC  CHANGES 

\\  THERMAL  INJURY  IN  BURNED  SOLDIERS 

h ' 

h US  Army  Institute  of  Surgical  Research,  Brooke  Army  Medical  Center,  j 

uj  Fort  Sam  Houston,  Texas  78234 

j’  Period  covered  in  this  report:  1 July  1974  - 30  June  1975 

",  Investigators:  Peter  A.  Petroff,  MD,  Major,  MC 

Edwin  W.  Hander,  MS,  Captain,  MSC 

Reports  Control  Symbol  MEDDH-288(R1 ) 


INDEPENDENT  RESEARCH 
FOLLOWING 


f 


i 


We  studied  several  aspects  of  pulmonary  mechanics 
tients,  including  the  effects  of  inhalation  injury  and 
trunk  burns.  We  also  examined  the  effect  of  nebulized 
normal  subjects  to  determine  its  safety  for  use  in  the 


in  burned  pa- 
anterior 
gentamicin  in 
burned  patient. 


The  patient  with  an  inhalation  injury  has  a restrictive- 
obstructive  disease  characterized  by  decreased  flow  rates  at  all 
lung  volumes  and  an  increased  pulmonary  resistance.  The  patient  who 
sustains  an  anterior  trunk  injury  has  an  elevated  pulmonary  resis- 
tance which  is  directly  proportional  to  the  extent  of  his  injury. 
There  is  no  difference  in  vital  capacity  between  patients  with  and 
without  anterior  trunk  injury. 


Shunt 
PV  work 
Burns 

Lung  mechanics 
Pulmonary  diffusion 
Blood  gases 
Wounded  soldiers 

Ventilation/perfusion  abnormal i t ies 
Humans 


314 


PULMONARY  PATHOPHYS I OLOG I C CHANGES  FOLLOWING  THERMAL 
INJURY  IN  BURNED  SOLDIERS 


t ! 

I', 

i 


t 


i 


Since  most  burn  deaths  are  due  to  pulmonary  disease,  this  study 
was  designed  to  identify  the  types  of  pulmonary  lesions  in  burned 
patients  and  define  their  pathophysiology.  The  work  on  this  project 
during  the  last  fiscal  year  included  1)  the  effect  of  Inhalation 
injury  on  pulmonary  function,  2)  the  effect  of  anterior  trunk  burn  on 
pulmonary  function,  3)  tests  of  small  airway  disease,  and  4)  the 
effect  of  nebulized  gentamicin  on  pulmonary  function  in  normal  man. 

Effect  of  Inhalation  Injury  on  Pulmonary  Function 

Seven  patients  with  positive  ' ^Xenon  lung  scans  were  studied 
and  compared  to  eight  patients  (of  similar  age  and  burn  size)  with 
negative  '33xenon  lung  scans.  Maximum  expiratory  flow  volume  (MEFV) 
curves  were  obtained  with  an  Ohio  Model  840  dry  spirometer,  with  oul- 
put  displayed  on  a Tetronix  Model  D - 1 3 oscilloscope.  Compliance, 
both  static  and  dynamic,  and  pulmonary  resistance  were  determined, 
using  the  Ohio  spirometer  for  flow  and  volume  measurements  and  an 
esophageal  balloon  (with  its  tip  placed  42  cm  from  the  nares)  con- 
nected to  a Statham  differential  transducer  for  pressure  measure- 
ments. Arterial  blood  gases  were  measured  with  an  IL  gas  analyzer. 

No  stat i s t i cal  1 y significant  differences  in  pH,  PC02,  vital 
capacity,  static  or  dynamic  compliance  were  observed.  P02  was  reduced, 
as  were  the  flow  rates,  while  pulmonary  resistance  was  elevated  in 
patients  with  a positive  ' 33xenon  lung  scan  (Table  1).  This  indi- 
cated that  obstructive  disease  was  associated  with  the  ventilation- 
perfusion  abnormalities. 

Effect  of  Anterior  Trunk  Burn  on  Pulmonary  Function 

In  order  to  determine  the  effect  of  abdomi nal -t ho rac i c burns  on 
pulmonary  mechanics,  we  studied  four  patients  without  inhalation 
injury  (negative  '33Xenon  lung  scan)  and  eight  patients  with  inhala- 
tion injury  (positive  ' 33Xenon  lung  scan)  within  96  hours  of  the 
burn  injury  and  again  immediately  prior  to  discharge.  Results  are 
shown  in  Table  2,  with  pulmonary  function  studies  expressed  as  per 
cent  of  final  values.  The  two  groups  did  not  differ  in  age  or  per 
cent  total  body  surface  burn.  The  average  total  body  surface  burn 
size  for  those  patients  with  anterior  trunk  injury  was  58.1  + 24.8. 
Vital  capacity  and  flow  rates  were  similar  for  thr“  two  groups;  how- 
ever, the  static  compliance  (Cs^CJt)  was  significantly  increased  as 
was  the  pulmonary  resistance  (R  jm)  in  the  group  with  anterior  trunk 
injury.  In  addition,  the  increased  pulmonary  resistance  was  directly 
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TABLE 


COMPARISON:  PATIENTS  WITH  POSITIVE  '■’•’XENON  LUNG  SCANS 
TO  PATIENTS  WITH  NEGATIVE  1 33XENON  LUNG  SCANS 


Pos  i t i ve  1 tlegat  i ve 

33xenon  Lung  Scan  | ' ^Xenon  Lung  Scan 


Vital  Capacity 
(/  Predicted) 

Peak  Flow 
(4  Predicted) 

Flow  (50/  Vital  Capacity) 
(4  Predicted) 

Static  Compl i ance 

Dynamic  Compliance 

Pulmonary  Resistance 


taeaaa.  at 


TABLE  2 

EFFECT  OF  ANTERIOR  TRUNK  BURN  ON  PULMONARY  FUNCTION" 


Age 

Per  Cent  Total  Body 
Surface  Burn 

Vital  Capacity 

Mincii  ior  in ju ry 

30.8  (13.9) 

35.0  (11.1) 

91.6  (9.1) 

No  anterior  injury 

26.5  (8.4) 

39-5  (3.3) 

90.9  (5.7) 

Functional 
Res i dua 1 
Capaci ty 

r 

Peak  Flow  Rate 

Flow  Rate  at 
50  Per  Cent 
Vital  Capacity 

Anterior  injury 

101.0  (12.3) 

9^.2  (17.7) 

107.3  (18.3) 

No  anterior  injijry 

92.5  (9.7) 

84.4  (13.6) 

112.3  (22.6) 

Static 
lump  I i ance 

Dynami q 
Compl i ance 

■ «■  — ■-  - 

Pu 1 mono  ry 
Res i stance 

■ — - ■ . . 

-r.terir r injury 

J3.7  (11.2) 

107.0  130.2) 

165.4  (30.5) 

i 

To  anterior  injury)  8 1.6  (13.1) 
_J 

95-4  (49.9) 

96.0  (19.2) 

— 

Results  are  'liven  in  mean  values;  . t an.'!,,  rd  vi  .it  ion  . in 
pa  i'en  theses  . 


related  to  the  extent  of  anterior  trunk  injury 
final  x 100)  = 95.1  + 1.29  x (per  cent  arte; io 
whereas  change  in  vital  capacity  was  nut. 
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The  scope  of  this  study  was  limited  in  that  the  ua 
predominantly  second  degree  injury.  There  we  re  no  • , t •,  1 
with  large  third  degree  burns,  and  it  is  hypotn*.  i ^ t • i 
degree  anterior  trunk  burns  would  result  in  mere  ■ r,  ■ 
Nevertheless,  until  more  conclusive  data  are  sbtarv,  , 
the  patient  with  anterior  trunk  injury  with  s e.-vc  re  r ... ' n„ 
t i ve  disease  should  be  evaluated  for  other  causutt  ‘ a. 
thoracic  wall  escharotomy  is  indicated  in  such  a , ••  (,.r, 
function  measurements  should  be  pet  formed  be  fort 
Cedu  re . 


The  presence  of  elevated  pulmonary  rv  istanc.  if 
anterior  thoracic  injury  suggests  that  this  test  wi  1 
value  in  the  diagnosis  of  inhalation  injury.  Howe. nr 
pulmonary  resistance  in  patients  without  outer io-  uw 
suggestive  of  inhalation  injury. 

Tests  of  Small  Airway  Disease 

The  presence  of  obstructive  pulmonary  disease  ■ ■ 
patient  with  inhalation  injury.  The  sit.-  of  ohstr 
large  or  small  airway  or  both.  In  some  patients,  ■; 
clear  evidence  of  laryngeal  and  tracheal  damage , mi. 
and  obstruction;  other  patients  have  minimal  chu-iyc  . 
findings  often  reveal  bronchi  o I i t i s t.'th  p.  rib  rone:; 

In  an  attempt  to  localize  the  disease  pence  , 
pulmonary  function  wen  pet  formed  in  smokers  , :-.d  nc 
cluditn  closing  volume,  flow-volume  loop,  and  no  1 i u. 
Closing  volume  was  measured  in  the  1 o I low  inn  ttuniu.  1 
breathe.--.'  out  to  residual  volume  (TV)  and  was  1 he  a : 

1 rorrt  a demand  valve.  Lungs  were  : i I |.-d  to  total 
to  RV ; the  exhalation  was  done  1 h ■ ough  ati  -•  i!  ire 
am;  was  less  than  ,5  l/sec.  Inhalation  was  not 
subject  was  instructed  to  inhale  slowly.  Volume 
Ohio  Model  840  dry  spirometer,  with  nitrogen  :e.t 

Model  1100  membrane  gas  analyzer.  Both  signal 
To  t ran  i x os.,  i ) ) oscope  . 

Flow  volume  loops  were  obtained  in  sup 

heiiu'.  flow-volume  loop,  the  -.tibiec  l Frew 
minutes  prior  to  the  performance  of  tf-M-e  n-  - 

volume  {ME  F V)  loops.  These  MEF  V loops  ...  - fo .. . . 1 


r.ho  . .0;  / 


on  a F".- 


r 

I 


f 
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(.,<>>  r : . j ...  l r*  tne  same  ptocedure  used  for  controls.  The 

f ..  , v'..  iiicea.e  in  rlow  at  504  VC  and  25  -T  VC  was  measured  as  well 

■ i . : volume  at  which  t ne  flow  rates  from  both  the  control  and 
he  I ; " rests  were  equal  VisoV  (volume  of  isoflow). 

i wen • v- two  leal thy  subjects  were  studied.  There  were  1 k non- 
snokers  and  eight  smokers.  The  result,  of  the  tests  are  shown  in 
rule  < (given  in  mean  values;  standard  deviations  in  parentheses), 
can  be  seen,  the  riow  rates  at  50  VC  and  254  VC  were  comparable, 
no.-e  • r , ’he  ratio  of  fy25  to  \1 50  was  decreased  significant!/  in  the 
. <:  fi-'dinci  to  be  expected  if  the  V25  is  determined  by  the 
11  airway  since  tobacco  usage  is  associated  with  small  airway 
■;  e.  The  c 1 o s : n g volume  was  increased  (although  not  significantly) 
mi  'he  smokers.  The  volume  of  isoflow  correlated  better  with  the 
subject's  smoking  history.  Although  the  delta  flows  50  and  25  were 

n ,i  significantly  different  in  the  two  groups,  the  ratio  of  the  two 

■•'as  tne  most  highly  significant  test. 

• ve i tests  correlate  with  each  other.  Volume  of  isoflow  and 
'el t n flow  25  (response  to  helium  at  254  VC)  were  correlated  with  the 
closing  volume.  In  addition,  delta  flow  25  and  50  were  correlated 
as  was  delta  flow  50  with  flow  50.  Several  of  the  te* ' s ve re  age- 

re  luted,  the  closing  volume,  How  25/50  ratio,  and  delta  flow  25/50. 

We  are  now  in  the  process  of  applying  these  tests  to  the  pati  : n t with 
i ■■  -i.j  I a t i on  ini  u ry  . 

t r feet  o f Nebu'ized  Gentamicin  on  Pulmonary  Function  i n Normal  Man 

Three  young  healthy  adults  were  gi  2n  a total  of  fiv-">  five-day 
courses  of  nebulized  gentamicin.  For  the  study,  30  mg  of  gentamicin 
■ nebulized  t.i.d.  using  a Biid  p ressu  re  vent  i I at  o w i 1 h a Bard 
Packer  nebulizer,  Mark  7.  Pulmonary  function  was  measured  prior  to 
start  of  tne  treatment  and  after  the  first  treatment,  and  then  pre- 
i'n  cost  - l '‘eatmc  'i  l on  Day  i or  2.  and  Day  4 or  5 pos tense  t ot  the 
regimen.  I' '.a  pulmonary  function  testing  included  maximum  exni  nvry 
flow  volume  ioc.os,  nieasu  remen  ts  of  static,  end  dynamic  compliance,  pul- 
monary resistance,  and  a s i ng le-b reath  nitrogen  test. 

As  can  be  seen,  there  .as  no 
studies,  and,  in  addition, 
initial  at  udy . The  re  < : u 

cnanges  due  to  the  inhalation 
period  ot  tour  to  five  days. 

PKr.stN  i rt  i IONS  ehu/OB  PUB'  ICATIONs 


The  rnsuHs  are  shown  in  Table  4. 
consistent  change  in  the  post i nha 1 at i on 
I he  final  study  did  -ot  differ  from 
«.  . . ocr.ee  in  uiese  subjects  of  pul  mono iy 
u ; gentamicin,  diner  acutely  or  ovet  a 
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TABLE  3 

PULMONARY  FUNCTION  TESTS  ON  SMOKERS  AND  NONSMOKERS' 


- - - 

Nonsmokers 

Smokers  i 

N umbe  r 

14 



8 

Age 

| 26.9  (4.2) 

29.9  (4.7) 

NS 

V50  (%  Predicted) 

j 103.1  (29.2) 

110.5  (36.2) 

NS 

V 25  {%  Predicted) 

111.6  (28.4) 

104.5  (38.9)  I 

NS 

V25/V50 

42.1  (6.2) 

36.5  (4.9) 

P = .05 

Closing  Volume  (%  of  VC) 

10.7  (3.6)  | 

13.2  (5.9) 

NS 

Volume  of  Isoflow  (%  of  VC)  | 

14.0  (6.7) 

19.4  (5.3) 

p>  . 1 

Delta  V50  {%  Increase) 

1 

42.3  (13.6) 

48.3  (25.4) 

NS 

Delta  V25  {%  Increase) 

30.1  (14.8)  | 

21.6  (16.2) 

NS 

Delta  V25/Delta  V50 

73.2  (31.9) 

30.7  (23.2)  1 

p>.01 

’Results  are  given  in  mean  values;  standard  deviations  in 
parentheses . 
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1 1 TABLE  k 

||  PULMONARY  FUNCTION  TESTS  ON  THREE  YOUNG  HEALTHY  ADULTS 

i PRE-  AND  POST-NEBULIZED  GENTAMICIN  STUDY  " 


Pre-Gentamicin 

Post-Gentami c i n 

Vital  Capaci ty 

5.60  (.A3) 

5.64  ( .45) 

V50 

5.08  (1.23) 

5.17  (1.41) 

V25 

2.19  (.74) 

2.18  (.78) 

Stati c Compl iance 

. 346  (.112) 

.384  (.109) 

Dynamic  Compliance 

.262  (.056) 

•313  (.158) 

Pulmonary  Resistance 

1.88  (.70) 

2.13  (.63) 

I 'Results  are  given  in  mean  values;  standard  deviations  in 

pa  ren  theses . 
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23.  (U)  To  produce  an  animal  model  which  represents  the  pathological  and  physiological 

findings  of  smoke  inhalation  injury  in  order  to  identify  the  major  offending  agent  and 
the  effect  of  various  inodes  of  therapy.  Because  of  the  use  of  tanks  in  modem  warfare, 
closed  space  injuries  have  become  exceedingly  important  and  the  proper  care  of  these 
soldiers  critical. 


24.  (U)  Goats  will  be  exposed  to  smoke  of  a burning  mattress  for  10-20  minutes.  Blood 
gases,  static  compliance,  dynamic  compliance,  and  pulmonary  resistance  will  be  measured 
before  and  after  the  inhalation,  CO,  C02 , 02 , No*,  S02,  TDI,  HCN,  and  hydrocarbons  will 
be  measured  during  the  inhalation.  The  goats  will  be  sacrificed  three  hcurs  to 

72  hours  after  injury  and  their  lungs  studied  pathologically. 

25.  (U)  74  07  - 75  06  To  date,  four  exposures , totalling  25  goats,  have  been  under- 
taken. Because  of  difficulties  in  reproducing  the  animal  model,  the  last  exposure 
utilized  a combination  of  wood  and  urethane  foam.  In  that  exposure,  all  of  the  goats 
had  an  imnediate  fall  in  Pa02  and  one  sustained  evidence  of  inhalation  injury  at  post- 
mortem examination. 
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A large  animal  model  of  smoke  inhalation  injury  has  been  produced 
by  exposing  goats  with  tracheostomies  to  smoke  produced  from  a burning 
pyre  of  wood  (pine)  and  urethane  foam.  In  the  most  recent  experiment, 
four  goats  were  studied.  One  goat  died  during  the  exposure,  and  the 
other  goats  developed  a fall  in  Pa02,  PaC02,  and  pH  immediately  post- 
injury. By  24  hours,  these  values  had  returned  to  normal.  However, 
all  goats  had  evidence  of  an  inhalation  injury  at  postmortem  exam- 
ination. During  the  forthcoming  year,  we  will  1)  determine  that  the 
system  provides  reproducible  data,  and  2)  evaluate  the  effect  of 
steroids  on  the  pathological  changes,  blood  gases,  and  xenon  scans. 
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Pulmonary 
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The  injury  produced  by  inhalation  of  smoke  remains  one  of  the 
most  critical  problems  in  the  care  of  the  burn  patient.  In  order  to 
gain  an  understanding  of  the  pathophysiology  of  this  disorder,  an 
animal  model  is  essential.  A small  animal  (rat)  model  has  been  de- 
veloped by  Dressier,  et  al . ^ However,  the  animals  are  exposed  in  a 
closed  system  so  that  hypoxia  limits  the  amount  of  smoke  to  which  the 
animals  are  exposed.  In  addition,  the  predominant  lesion  seen,  an 
interstitial  edema,  may  be  due  to  the  hypoxemia.  Recently,  the  same 
group  showed  that  steroids  are  effective  in  improving  the  mortality 
and  pathological  changes  in  the  rat  model. 

Since  it  was  felt  that  a more  open-system  model  with  larger  ani- 
mals would  allow  more  flexibility,  a goat  model  was  developed.  Ini- 
tially, goats  were  exposed  to  smoke  from  a burning  mattress;  however, 
reproducible  lesions  were  not  obtained.  In  the  last  two  experiments, 
a pyre  consisting  of  90  pounds  of  pine  and  eight  pounds  of  urethane 
was  burned,  and  the  smoke  produced  from  this  material  resulted  in 
pathological  changes  in  all  of  the  animals  (Tables  1 and  2). 

The  area  used  for  the  experimental  burns  consists  of  two  chambers 
compartmented  by  a sliding  door.  Both  chambers  are  vented  with  warm 
air.  The  material  to  be  burned  is  placed  in  the  larger  chamber,  and 
the  animals  are  placed  in  the  smaller  chamber.  Temperature,  oxygen, 
CO2,  and  Cq  concentrations,  SO2,  N0X,  Hcl , and  TDI  are  measured  in 
both  chambers.  By  using  an  open  system,  the  oxygen  concentration 
remains  above  15%. 

All  of  the  animals  exposed  for  more  than  17  minutes  had  patho- 
logical changes  at  postmortem  examination  consisting  of  tracheal  and 
f bronchial  lesions,  and  pneumonia  was  present  in  three  of  the  four  ani- 

■ mals  from  the  second  experiment. 

During  the  forthcoming  year,  we  will  repeat  the  same  experiment 
to  insure  that  the  lesions  are  reproducible,  and,  in  addition,  will 
evaluate  the  effectiveness  of  steroids  in  treatment  of  the  inhalation 
injury  produced. 


1.  Bloom  SB,  Skornik  WA,  Dressier  DP:  Toxicity  of  smoke  pro- 

duced by  combustion  of  home  decorating  material.  Presented  at  the 
American  Burn  Association  meeting,  Denver,  Colorado,  March  1975. 
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During  the  last  six  months,  three  burn  patients  have  been  studied 
using  the  Swan-Ganz  thermal  dilution  output  catheter  during  the  acute 
resuscitation  phase.  Two  of  the  three  had  elevated  systemic  vascular 
resistances  and  normal  pulmonary  resistances  while  the  third  had  mar- 
kedly lower  systemic  and  puh  mar/  vascular  resistance.  In  all  three 
cases,  cardiac  index  was  below  norma).  Two  of  the  three  patients, 
developed  renal  failure  and  continued  to  have  low  cardiac  indices. 

The  third  patient  developed  a supranormal  cardiac  index  within  /2 
hours  of  his  initial  injury.  The  study  is  continuing. 
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23.  (U)  To  investigate  the  use  of  a carbon  dioxide  laser  to  excise  bums  with  a view 
tcwards  minimizing  blood  loss  involved  in  such  excisions  in  burned  soldiers. 

24.  (U)  Syrrmetrical  excisions  have  been  performed  on  patients  who  are  candidates  for 
excision.  Laser  excisions  were  compared  to  both  scalpel  and  electrocautery  excisions 
from  the  standpoint  of  blood  loss,  time  for  excision,  graft  take,  and  pre-and  post 
excision  quantitative  microbiology.  The  efficacy  of  tangential  excisions  for  third- 
degree  bums  also  has  been  studied. 

25.  (U)  74  07  - 75  06  The  laser,  although  superior  to  the  scalpel,  did  not  shew  any 
substantial  superiority  over  the  electrocautery.  The  laser  excisions  involved 
somewhat  less  blood  loss  and  sanewhat  greater  operative  time  than  the  electrocauterv 
excisions.  Tangential  debridements  of  third-degree  bum  wounds  appear  to  be  useful, 
particularly  in  canbating  delayed  eschar  separation.  Formation  of  granulation  tissue 
appears  hastened  following  tangential  excision  so  that  grafting  can  be  achieved  at  an 
earlier  time.  Tangential  excision  of  bums  of  the  hand  results  in  earlier  function  and 
less  hypter trophic  scar  formation.  Late  functional  results  are  being  assessed. 
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The  use  of  a 100  watt  carbon  dioxide  laser  for  surgical  excisions 
of  burn  eschar  was  evaluated  in  13  patients  with  symmetrical  burns. 

In  each  patient,  laser  excision  was  compared  with  either  scalpel  or 
electrocautery  excision  of  a comparable  area.  Graft  "take,"  blood 
loss,  and  operative  speed  were  measured.  Graft  "take"  following 
laser  excisions  was  comparable  to  that  obtained  when  either  scalpel 
or  electrocautery  was  used.  Regression  analysis  indicates  that  laser 
excisions  involved  29%  of  the  blood  loss  encountered  with  scalpel 
excisions  and  that  laser  speed  was  1.49  times  scalpel  speed.  Although 
laser  blood  loss  was  60%  of  electrocautery  blood  loss,  laser  speed  was 
significantly  slower:  73%  of  electrocautery  speed.  These  differences, 
however,  were  of  small  clinical  consequence.  It  is  felt  that  the  sur- 
gical arm  of  this  laser  is  at  present  quite  awkward  and  is  in  need  of 
technological  refinement  if  the  full  potential  of  the  laser  is  to  be 
real i zed . 
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Early  surgical  excision  of  third  degree  burns  combined  with 
prompt  skin  grafting  has  for  many  years  been  an  accepted  form  of 
therapy  in  carefully  selected  patients.  The  rationale  for  early 
excision  closely  parallels  the  basic  tenets  of  modern  burn  therapy: 
I)  that  the  principal  problem  in  the  care  of  burned  patients  is 
infection;  2)  that  the  origin  of  this  infection  is  frequently  in  the 
burn  eschar;  and  3)  that  burned  patients  remain  liable  to  infection 
until  the  eschar  has  separated  from  the  underlying  tissue  and  skin 
coverage  is  achieved  by  grafting. 


Spontaneous  separation  of  the  burn  eschar  may  not  occur  for  21 
to  35  days,  or  even  longer  when  topical  chemotherapy  is  used.  During 
this  time,  infection  may  develop  in  the  eschar  and,  in  fact,  micro- 
organisms are  partly  responsible  for  the  sloughing  of  the  eschar  from 
the  underlying  tissue.  Surgical  excision  offers  the  advantages  of 
removing  the  burn  wound  before  serious  infection  occurs  and  of  per- 
mitting prompt  skin  coverage.  Physical  therapy  and  rehabilitation 
thus  may  be  commenced  at  an  early  time  postburn.  MacMillan^  has 
shown  that  in  certain  patients,  hospi tai ization  time  can  be  shortened 
when  burn  wound  excision  is  judiciously  employed. 


However,  several  factors  limit  the  efficacy  of  surgical  excision. 
First,  a major  operation  and  an  anesthetic  are  required.  Second,  the 
blood  loss  can  be  massive,  involving  multiple  transfusions  and  their 
accompanying  risks.  Third,  skin  grafts  immediately  applied  to  freshly 
excised  surfaces  do  not  always  "take,"  and  such  graft  loss  may  neces- 
sitate additional  surgical  procedures  and  the  further  expenditure  of 
donor  s i tes . 


The  blood  loss  in  large-scale  excisions  can  be  extensive  - over 
20  units  of  blood  for  a single  patient.  Because  of  this,  we  have  in- 
vestigated the  use  of  the  carbon  dioxide  laser  for  the  excision  of 
third  degree  burns.  In  a previous  report, ^ it  was  shown  that  laser 
excisions  of  experimental  third  degree  burns  involved  one  third  the 
blood  loss  of  scalpel  excisions.  The  laser  used  expe r i man t 1 1 1 y , 
however,  was  very  slow,  and,  to  correct  this,  several  ter.nrical  modi- 
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The  surgical  laser  we  have  employed  is  a 100  watt,  CO2  laser 
made  by  American  Optical  Corporation.  The  laser  beam  is  derived  from 
vibrational  and  rotational  energy  levels  in  the  CO2  molecule,  with  a 
wavelength  of  10.6  microns.  These  waves  are  resonated  and  amplified 
in  a vacuum  tube  so  that  they  become  coherent  in  both  space  and  time. 
This  property  allows  the  beam  to  traverse  long  distances  without 
losing  power.  The  beam  is  then  passed  through  a surgical  arm,  con- 
sisting of  seven  jointed-ref lecting  surfaces,  and  delivered  to  a 
handpiece.  A lens  in  the  handpiece  focuses  the  laser  energy  into  a 
point  of  less  than  one  millimeter  diameter  at  a distance  of  one  centi- 
meter from  the  end  of  the  handpiece.  The  power  level  may  be  regulated 
from  0-100  watts  with  a rheostat,  conveniently  located  on  the  laser 
housing.  A foot-pedal  regulates  “on"  and  “off"  delivery  of  the  laser 
beam  to  the  operating  field.  Use  of  the  laser  is  accompanied  by  a 
considerable  production  of  smoke  or  “plume-fragmentation"  caused  by 
the  photovaporization  of  tissue.  A vacuum  cleaner,  equipped  with  a 
sterile  nozzle,  is  used  to  remove  this  smoke. 

During  laser  operations,  plate  glass  spectacles  or  ordinary  cor- 
rective eye-glasses  were  worn  by  everyone  in  the  operating  room 
theater  to  protect  the  eyes  from  reflected  infra-red  radiation.  Signs 
stating  “Do  Not 'Enter,  Laser  in  Use"  were  conspicuously  displayed  to 
minimize  traffic  into  the  operating  room.  A fire  extinguisher  was 
always  available  but  never  was  needed. 

Fifteen  laser  excisions  were  performed  in  patients  who  were  candi- 
dates for  excision.  These  patients  fell  into  three  groups:  l)  patients 
with  localized  third  degree  burns  of  less  than  20Z  body  surface  area; 

2)  carefully  selected  patients  with  burns  of  up  to  10%  in  whom  limited 
surgical  1 y-manageab 1 e areas  were  third  degree;  and  3)  patients  with 
third  degree  burns  of  over  80%  body  surface  area.  Excisions  were  per- 
formed at  the  level  of  the  deep  fascia.  Care  was  taken  to  cut  the 
subcutaneous  margins  of  the  excision  in  an  oblique  fashion  to  avoid 
creating  an  overhanging  wound  edge. 

In  13  cases,  symmetrical  burns  were  excised;  e.g.,  both  legs,  both 
arms,  the  anterior  surface  of  the  chest,  etc.;  in  six  such  cases,  the 
laser  was  compared  to  the  scalpel;  in  seven,  the  laser  was  compared  to 
the  “cutting"  (high  frequency,  undamped  current)  electrocautery.  Pre- 
end  postoperative  photographs  were  routinely  taken.  Blood  loss  was 
measured  by  weighing  the  sponges  and  drapes  used  during  the  excisions. 
Graft  “take"  was  determined  either  by  the  “take"  of  autografts  immedi- 
ately applied  to  the  freshly  excised  tissue  or  by  the  adherence  of 
immeaiately  applied  allograft  or  porcine  xenograft  in  patients  with 
massive  burns. 
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For  large  excisions,  a four-man  surgical  team  was  employed  to 
excise  the  symmetrical  areas  simultaneously  in  order  to  minimize 
overall  operative  time.  Arterial  tourniquets  were  occasionally  used 
when  surgically  feasible  on  extremity  burns.  In  scalpel  excisions, 
adjunctive  use  of  an  electrocautery  was  allowed  to  control  small 
capillary  bleeding  points.  It  was  felt  that  a "pure"  scalpel  excision, 
involving  the  individual  clamping  and  ligation  of  even  tiny  vessels 
would  increase  operative  time  and  blood  loss  beyond  a reasonable  limit. 
Similarly,  in  electrocautery  excisions,  although  the  "cutting"  electro- 
cautery was  used  for  dissection,  the  "coagulating"  electrocautery  was 
employed  to  control  bleeding. 

RESULTS 

Although  both  the  laser  and  the  electrocautery  caused  focal  areas 
of  microscopically  visible  damage  to  the  underlying  tissue,  this  was 
not  sufficient  to  interfere  with  the  "take"  of  skin  autografts  immedi- 
ately applied  to  the  freshly  excised  surface.  Autograft  "take"  was 
equal  for  laser  and  scalpel  excisions  and  for  laser  and  electrosurgical 
excisions.  In  patients  with  massive  burns,  human  cadaver  allograft  or 
porcine  xenograft  was  used  for  initial  wound  coverage.  The  adherence 
of  these  biologic  dressings  was  good  regardless  of  the  method  of  ex- 
cision. 

In  comparing  the  three  modalities  of  excision  in  terms  of  blood 
loss  and  operative  speed,  it  was  apparent  that  such  indices  varied  con- 
siderably from  patient  to  patient.  In  general,  blood  loss  per  unit  area 
was  less  in  children  than  in  adults,  and  also  was  influenced  by  obesity 
and  the  time  postburn  at  which  the  excisions  were  performed.  Such  pa- 
ti ent-to-pat ient  variation  did  not  allow  meaningful  comparisons  by  sim- 
ple averaging.  Regression  curve  analysis  of  our  data  was  therefore 
empl oyed. 

Lase r Vs . Scalpel:  Blood  loss  with  the  laser  varied  from  one 

third  to  one  sixth  of  scalpel  blood  loss  in  all  cases.  These  data  fit 
a linear  regression  function,  defined  in  part  by  laser  blood  loss 
equalling  29%  of  scalpel  blood  loss.  The  reduction  in  blood  loss  was 
statistically  significant. 

Laser  operative  speed  was  also  significantly  faster  than  scalpel 
speed.  Regression  curve  analysis  indicates  that  laser  speed  equalled 
1.49  times  scalpel  speed.  When  tourniquets  were  employed,  the  speed 
of  excision,  per  se , was  faster  with  the  scalpel  than  with  the  laser. 
This  was  extended,  however,  by  the  time  required  to  secure  hemostasis 
in  scalpel  excisions  after  the  tourniquets  were  released. 
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Laser  Vs.  Electrocautery:  In  all  but  one  case,  laser  blood  loss 

j was  less  than  electrocautery  blood  loss,  though  both  were  much  less 

than  scalpel  blood  loss.  Regression  curve  analysis  indicates  that 
this  difference  in  blood  loss  was  significant,  and  is  best  described 
by  a linear  function  wherein  laser  blood  loss  equalled  60£  of  electro- 
cautery blood  loss. 

Operative  speed,  however,  for  the  laser  was  generally  slower  than 
that  of  electrocautery  excisions.  Regression  analysis  indicates  that 
laser  speed  was  approximately  73^  of  electrocautery  speed  and  that 
this  difference  was  significant. 

DISCUSSION 

Early  surgical  excision  of  the  burn  eschar  combined  with  prompt 
grafting  has  a well-established  place  in  the  treatment  of  localized 
third  degree  burns  of  limited  size.  The  extension  of  this  technique 
to  larger  area  burns3~8  has  been  limited  by  the  ability  of  critically 
injured  patients  to  withstand  the  operations  and  blood  loss  involved, 
and  by  the  problems  of  attaining  adequate  skin  coverage  in  patients 
with  limited  donor  sites.  The  carbon  dioxide  laser  has  been  advanced 
as  a means  of  reducing  operative  blood  loss  during  this  procedure. 

Previous  experimental  work  performed  with  a less  refined  laser 
indicated  that  laser  excisions  involved  one  third  the  blood  loss  of 
scalpel  excisions  and  that  the  take  of  skin  grafts  immediately  applied 
to  the  freshly  lased  tissue  was  excellent.  The  early  clinical  experi- 
ence of  Fidler9  confirmed  these  findings.  Because  the  speed  of  this 
"first  generation"  laser  was  inordinately  slow,  two  major  technical 
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alterations  were  made:  laser  power  was  increased  from  40  watts  to  100 
watts  and  the  focal  point  of  the  laser  was  shortened.  The  combina- 
tion of  these  factors  resulted  in  a much  higher  power  density  at  the 
focal  point  - a "sharper"  laser,  which  we  have  used  in  this  study. 

For  surgical  excisions  of  burn  eschar,  the  laser  was  clearly 
superior  to  the  scalpel.  In  every  comparison,  laser  blood  loss  was 
less  than  30%  of  scalpel  blood  loss,  and  the  laser  excisions  were  sig- 
nificantly faster  than  scalpel  excisions.  The  improved  speed  and  re- 
duced blood  loss  were  both  attributable  to  laser  photocoagu 1 a t ion  of 
small  blood  vessels  within  the  path  of  the  beam. 

The  theoretical  advantage  of  using  a carbon  dioxide  laser  over 
other  cauterizing  instruments  is  based  on  the  principal  that  infra- 
red waves  are  very  readi ly  absorbed  by  tissue  which  has  a high  water 
content.  Because  the  energy  is  so  well  absorbed,  the  laser  beam  pro- 
duces a very  fine  line  of  damage,  with  injury  to  adjacent  tissue  con- 
fined to  a zone  measured  in  microns  from  the  laser  beam.*®  The 
"coagulation"  electrocautery  employs  a low  frequency,  damped  current 
which  causes  a relatively  wide  zone  of  tissue  damage.  The  "cutting" 
e lect rocautery , however,  utilizes  a high  frequency,  undamped  electric 
current  which  causes  less  tissue  damage.  It  seemed  logical,  there- 
fore, to  compare  the  laser  to  this  latter  modality. 

Neither  the  laser  nor  the  "cutting"  e 1 ec t rocaute ry  caused  enough 
damage  to  the  underlying  tissue  to  jeopardize  the  "take"  of  skin  grafts 
immediately  applied  to  the  freshly  excised  tissue.  Laser  excisions 
involved  significantly  less  blood  loss  (60%  of  electrocautery  blood 
loss),  but  were  significantly  slower  (73%  of  the  speed  of  electrosur- 
yical  excisions).  Tnese  a i f fere  icos , tnouc'  significant  statistically, 
were  not  impressive.  The  speed  of  the  laser  excisions  was  reduced 
primarily  because  of  the  awkwardness  involved  in  handling  the  surgical 
arm.  The  optics  and  power  delivery  of  the  laser  were  excellent;  on 
broad-planar  surfaces,  the  speed  of  excision  was  limited  only  by  the 
surgeon's  capacity  to  control  the  laser  beam.  The  laser,  however,  was 
considerably  more  difficult  to  maneuver  in  less  accessible  areas,  such 
as  the  posterior  surface  of  the  thighs  or  the  arms. 

It  is  important  to  emphasize  that  the  use  of  the  catbon  dioxide 
laser  for  burn  wound  excisions  is  a technique  still  in  development. 

The  optical  changes  incorporated  in  this  "second  generation"  laser 
represent  a dramatic  improvement  over  the  optics  of  earlier  machines. 
For  burn  wound  excisions,  it  is  better  than  the  scalpel.  Comparison 
of  this  laser  to  the  el ect rocaute ry , however,  does  not  reveal  a clear 
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advantage.  The  laser  involves  less  blood  loss,  but  laser  excisions 
presently  require  more  operating  time.  It  is  possible  that  the 
modifications  required  to  make  the  laser  less  awkward,  and  therefore 
a superior  instrument  for  this  and  other  surgical  procedures,  are 
within  the  reach  of  modern  day  technology. 
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A new  synthetic  wound  dressing  made  of  nylon  and  expanded  teflon 
was  evaluated  on  modest  sized  areas  of  granulation  tissue  by  comparing 
its  effect  on  wound  appearance  and  surface  quantitaMve  microbiology 
to  that  of  human  cadaver  cutaneous  allograft,  porcine  cutaneous  xeno- 
graft, and  coarse-mesh  gauze  during  a 48  hour  treatment  period.  A 
significant  decrease  in  wound  surface  bacterial  counts  was  observed 
only  with  allograft  treatment  and  only  when  allograft  "took."  No  other 
form  of  treatment  significantly  altered  bacterial  colonization  of  the 
burn  wound.  On  wounds  on  which  allograft  "took,"  there  was  no  sig- 
nificant difference  in  wound  appearance  between  areas  treated  with 
cutaneous  cadaver  allograft,  coarse-mesh  gauze,  or  the  synthetic 
dressing.  Areas  treated  with  porcine  cutaneous  xenograft  appeared 
worst.  On  wounds  on  which  cutaneous  allograft  did  not  "take,"  gauze 
and  the  synthetic  dressing  resulted  in  the  best  wound  appearance; 
cutaneous  allograft  was  third  best  and  porcine  cutaneous  xenograft  was 
worst . 

The  dressing  may  be  used  conveniently  and  safely;  it  conformed 
well  to  irregular  surfaces  and  permitted  motion  of  joints  covered  with 
the  dressing.  If  suppuration  under  the  dressing  occurred,  it  was 
easily  recognized.  The  principal  advantage  of  this  dressing  is  to  pro- 
vide membrane  function  and  debridement  for  denuded  wounds  which  re- 
quire the  removal  of  small  amounts  of  surface  debris  before  grafting 
can  be  achieved.  For  graftable  wounds,  it  ranked  second  to  human 
cadaver  allograft  as  a temporary  skin  substitute. 

Wound  dressing 
Biologic  dressing 
Synthetic  skin  substitute 
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USE  OF  A SYNTHETIC  DRESSING  ON  DENUDED  WOUNDS  IN  BURNED  PATIENTS 

Temporar/  skin  substitute' , including  uman  cadaver  cutaneous  allo- 
grafts, porcine  cutaneous  xenografts,  and  amniotic  membranes  have  be- 
come widely  used  in  the  treatment  of  thermally  injured  patients.  The 
principal  use  of  these  biologic  dressings  is  for  temrorary  coverage  of 
ful 1 -thi ckness  burn  wounds,  after  the  necrotic  eschar  has  separated 
from  the  underlying  tissue.  In  addition,  the  use  of  such  dressings 
nas  been  advocated  for  the  early  treatment  of  pa rt i a 1 - 1 h i ckness  burns, 
for  temporary  coverage  of  surgically  excised  burn  wounds,  and  for 
other  traumatic  wounds  involving  ful 1 -th i ckness  skin  loss. 

We  believe  that  the  beneficial  effec.s  of  cutaneous  allograft, 
and  perhaps  the  other  biologic  dressings,  are  related  to  two  inter- 
related properties.  First,  membrane  function  is  provided  by  the  epi- 
dermal surface  of  the  graft,  which  limits  f 1 aid,  electrolyte,  and 
colloid  losses  from  the  wound  and  acfs  as  a bai.ier  against  external 
infection.  The  second  property  relates  to  wound  closure:  With  graft 

"take,"  the  derma!  surface  adheres  closely  to  the  underlying  tissue 
and  is  rapidly  invaded  by  fibroblastic  and  vascular  ingrowth  from  the 
wound.  This  interaction  is  thought  to  create  a favorable  environment 
in  which  cellular  and  other  defense  mechanisms  may  decontaminate  the 
wound . 

The  use  of  viable  biologic  dressings  has  been  limited  by  their 
availability,  cost,  difficulties  of  procurement  (for  al lograft) , 
limited  shelf-life  even  under  optimum  storage  conditions,  antigenicity, 
and  the  fact  that  they  are  not  readily  sterilized.  Further,  unless 
strict  asepsis  is  practiced  in  the  harvesting  of  allogeneic  or  xeno- 
geneic skin,  iatrogenic  infections  may  complicate  the  use  of  such 
grafts.  The  development  of  a clinically  effective,  synthetic,  tem- 
porary skin  substitute  which  is  constructed  from  biologically  inert 
materials,  has  indefinite  shelf  life,  is  readily  autoclaved,  and  is 
inexpensive,  would  eliminate  many  of  these  problems.  The  testing  of 
many  different  synthetic  wound  dressings  has  been  performed  at  several 
institutions  in  recent  years.  From  these  sti  'ies  has  evolved  the  con- 
cept of  a bi laminate  dressing  composed  of  an  external  surface  to  pro- 
vide membrane  function  and  a scaf fol d- 1 ike  inner  surface  to  allow 
Fibroblastic  and  vascular  ingrowth  from  the  open  wound. 

A previous  report  from  this  institution  described  the  develop- 
ment of  a promising  bi laminate  which  consisted  of  a nylon  matrix  ad- 
hered to  a teflon  membrane.  Empiri-al  studies  determined  mat  a 
minimum  thickness  of  0.025  inch  was  required  to  obtain  consistent 
fibroblastic  ingrowth  into  the  scaffold-like  surface.  The  dressing 
conformed  well  to  irregular  surfaces,  and  was  somewhat  stretchable  in 
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two  dimensions.  Histologic  studies  of  this  material  five  days  after 
application  to  experimental  wounds  demonstrated  a close  approximation 
of  the  nylon  matrix  to  the  underlying  tissue  and  minimal  foreign  body 
reaction  to  the  nylon.  Fibroblastic  and  vascular  ingrowth  extended 
two-thirds  of  the  distance  from  the  inner  surface  to  the  teflon  mem- 
brane. By  10  days,  organized  collagen  was  present  within  the  nylon 
matrix.  On  animals  with  experimentally  infected  wounds,  the  dressing 
limited  microbial  colonization  and  prevented  death  from  invasive  in- 
fection. The  membrane  effects  of  the  dressing  were  documented  by  its 
ability  to  promote  survival  in  animals  subjected  to  60%  body  surface 
area  excisions. 

This  study  summarizes  a clinical  evaluation  of  the  dressing  and 
is  divided  into  two  sections:  1)  a formal  comparison  of  the  effects 
of  the  synthetic  dressing,  human  cadaver  allograft,  porcine  xenograft, 
and  coarse-mesh  gauze  on  the  appearance  and  quantitative  microbiology 
of  modest  sized  areas  of  granulation  tissue;  and  2)  a descriptive  re- 
port of  use  of  the  synthetic  material  to  prepare  wounds  of  larger  body 
surface  area  for  the  acceptance  of  autografts. 

METHODS 


Formal  Comparison  on  Granulation  Tissue 


Forty  three  granulation  tissue  wounds  of  uniform  appearance  were 
selected  on  21  patients  with  burns  ranging  from  30 % to  66%  body  sur- 
face area.  Each  wound  was  divided  into  four  subareas.  By  randomized 
selection,  each  subarea  was  assigned  treatment  with  a A8  hour  applica- 
tion of  either  the  synthetic  dressing,  human  cadaver  allograft,  por- 
cine xenograft,  or  2b  layers  of  coarse-mesh  gauze.  Both  the  synthetic 
dressing  and  the  coarse-mesh  gauze  were  soaked  in  sterile  0.9''  saline 
solution  before  application.  Forty  eight  hours  later,  the  dressings 
were  removed  and  the  appearance  of  each  subarea  was  graded  on  a "best," 
"second  best,"  "third  best,"  and  "worst"  basis  by  experienced  burn 
surgeons  who  were  not  told  which  area  received  which  treatment. 


Quantitative  aerobic  wound  bacteriology  for  each  subarea  was 
studied  before  and  after  treatment  by  using  the  quantitative  swab 
technique.  A sterile  throat  swab  was  twirled  on  the  wound  for  five 
seconds,  with  sufficient  pressure  to  cause  a small  amount  of  bleeding 
in  the  underlying  tissue.  The  swab  was  then  removed  and  shaken  in  1.0 
ml  of  transport  medium  (transport  medium  contained  3 g Bacto-Peptone 
and  0.3  g Agar  Reagent  in  300  ml  distilled  water;  all  obtained  from 
DIFC0  Laboratories , Inc.,  Detroit,  Michigan),  from  which  serial  dilu- 
tions were  made  in  trypticase  soy  broth  and  cultured  on  trypticase 
soy  agar  plates. 
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Human  cadaver  allograft  was  harvested  within  10  days  of  use, 
and  stored  without  antimicrobial  agents  in  sterile  Petri  dishes  at 
4°  C.  Porcine  xenograft  was  obtained  weekly  from  a commercial  source 
(Burn  Treatment  Skin  Bank,  Phoenix,  Arizona  85034) , refrigerated  at 
4°  C,  and  used  within  10  days  after  procurement.  The  synthetic 
dressing  was  sterilized  with  ethylene  oxide  prior  to  use.  No  anti- 
microbial agents  were  used  in  conjunction  with  the  dressing  in  the 
formal  comparative  study. 

Cl  i n i ca I Use 

Since  completion  of  the  formal  clinical  comparison,  the  dressing 
has  been  used  at  our  institution  on  patients  with  large  areas  of 
exposed  granulation  tissue,  including  several  applications  on  15  pa- 
tients with  burns  of  from  30%  to  77%  body  surface  area.  The  dressing 
was  used  to  cover  wounds  ranging  in  size  from  1%  to  30%  body  surface 
area.  It  has  been  used  primarily  on  granulation  tissue  to  prepare  the 
tissue  for  autograft  acceptance.  in  some  cases,  heavily  contaminated 
wounds  with  small  foci  of  residual  necrotic  tissue  were  treated,  and 
such  wounds  generally  required  daily  changes  of  the  dressing.  In 
other  cases,  when  the  granulation  tissue  appeared  to  be  ready  for 
graft  acceptance,  a single  application  of  the  dressing  was  used  and 
left  in  place  for  2-3  days,  following  which  grafting  was  performed. 

In  all  cases,  staining  of  the  semitransparent  dressing  (vide 
infra)  was  interpreted  as  an  indication  to  change  the  dressing  on  a 
daily  basis.  If  no  staining  occurred,  the  dressing  was  left  in  place 
until  autografting  was  performed. 

In  this  part  of  the  study,  the  synthetic  dressing  was  sterilized 
by  either  ethylene  oxide  gas  or  steam  autoclaving  prior  to  use.  The 
laminate  was  soaked  in  a 5%  mafenide  acetate  solution  immediately 
prior  to  clinical  usage  (vide  infra). 

RESULTS 

Formal  Comparison  on  Granulation  Tissue 

The  clinical  ranking  of  wound  appearance  was  assigned  a numerical 
value  from  1 to  4:  with  1 = "best,"  2 = "second  best,"  3 = "third 
best,"  and  A = "worst."  Ties  were  allowed  and  these  were  assigned  an 
intermediate  numerical  value.  The  ranking  of  wound  appearance  is 
tabulated  for  the  23  wounds  on  which  al lograft  "took"  (Table  1),  for 
the  20  wounds  on  which  allograft  did  not  "take"  (Table  2),  and  for 
all  43  wounds . 
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TABLE  I 


RANKINGS  OF  WOUND  APPEARANCE  AFTER  TREATMENT  FOR  WOUNDS 
ON  WHICH  ALLOGRAFT  "TOOK"  (N  = 23) 


Number  of  Subareas  in  Each  Rank 


Human  Cadaver  Porcine  Synthetic  Coarse-Mesh 
Rank  Allograft  Xenograft  Dressing  Gauze 


Total 
Rank 
Va  I ue 


82. 5:V 


kk.0+ 


1(8.5+ 


+No  significant  difference,  X^r_2  = 1.83  by  Friedman  two-way 
analysis  of  rank  among  these  three  treatment  modalities. 

-Appearance  of  wounds  following  treatment  with  porcine  cuta- 
neous xenograft  was  "worst,"  = 23-33,  p<0.001  by 

Friedman  two-way  analysis  of  rank. 
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TABLE  2 


RANKINGS  OF  WOUND  APPEARANCE  AFTER  TREATMENT 
ON  WHICH  ALLOGRAFT  DID  NOT  "TAKE"  (N  = 


FOR  WOUNDS 

20) 


Number  of  Subareas  in  Each  Rank 


Rank 

Human  Cadaver 
A] log  raft 

Porcine 

Xenograft 

Synthetic 
Dress i ng 

i 

Coarse-Mesh 

Gauze 

1 

4 

! 

6 

i 

8 

1.5 

0 

2 

2 

2 

2 

11 

4 

2.5 

I 

0 

1 

3 

6 

1 

2 

4 

7 

0 

3 

Total 
Rank 
Val  ue 

1 

56.5* 

. . i 

70** 

34+ 

■ - . — . i 

39.5+ 

**Human  cadaver  cutaneous  allograft  treatment  resulted  in 
worse  wound  appearance  than  did  synthetic  dressing  or 
coarse-mesh  gauze,  X2r_2  = 6.93,  p<  0.05. 


**Porcine  cutaneous  xenograft  treatment  resulted  in  worse 
wound  appearance  than  did  the  other  three  treatment 
modalities,  X2R_^  = 24.26,  p<0.00). 

+No  significant  difference,  X^R_j  = 0.2. 
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For  wounds  on  which  allograft  "took"  (Table  1),  there  was  no 
significant  difference  in  wound  appearance  between  those  areas 
treated  with  allograft,  the  synthetic  dressing,  or  coarse-mesh  gauze. 
Areas  treated  with  porcine  xenograft  had  an  appearance  which  was  sig- 
nificantly worse  (p<Q.0Ql)  by  Friedman's  two-way  analysis  of  variance 
for  nonpa ramet ri c functions. 

For  wounds  on  which  allograft  did  not  "take"  (Table  2),  areas 
treated  with  porcine  xenograft  again  had  the  worst  clinical  appear- 
ance (p<0.001).  Areas  treated  with  cadaver  allograft  had  a sig- 
nificantly (p<0.05)  worse  appearance  than  those  treated  with  syn- 
thetic dressing  or  coarse-mesh  gauze.  There  was  no  significant  dif- 
ference in  wound  appearance  between  those  areas  treated  with  coarse- 
mesh  gauze  or  synthetic  dressing. 

For  all  43  wounds  (Table  3),  areas  treated  with  porcine  xeno- 
graft appeared  "worst"  (p<0.001),  and  areas  treated  with  allograft 
"next  worst"  (p<0.05).  There  was  again  no  significant  difference 
between  the  appearance  of  wounds  treated  with  synthetic  dressing  or 
coarse-mesh  gauze. 

The  wounds  were  colonized  with  a wide  variety  of  organisms. 
Pseudomonas  aeruginosa  and  Staphylococcus  aureus  were  most  frequently 
encountered.  Klebsiella  aerobacter,  E . co 1 i , Co rynebac te r i urn, 
Providencia  stuarti,  Enterobacter  cloacae,  and  Cand i da  were  also 
found.  These  organisms  were  present  in  densities  of  from  0 to  10^ 
organisms  per  swab.  On  a given  wound,  there  was  generally  a less 
than  1 log  variation  between  subareas  in  the  quantitative  microbial 
counts.  The  mean  log  bacterial  counts  before  treatment  were  quite 
similar  for  all  foui  treatment  groups  (Table  4). 

Quantitative  paired  cultures  were  successfully  retrieved  from 
Al  of  the  wounds.  The  log  changes  in  the  organism  counts  fit  a normal 
distribution.  Nonpa ramet ri c statistical  analysis  was  performed  on 
the  direction  of  change  (chi-square)  (Tables  5,6)  and  on  the  log 
changes  by  the  Wilcoxon  matched  pair  signed-ranks  test.  Parametric 
analysis  was  performed  on  the  log  changes  in  microbial  counts  for 
paired  cultures  (Table  4,  Fig.  1,2). 

For  wounds  on  which  al lograf t "took,"  the  number  of  organisms 
colonizing  the  wound  after  treatment  with  allograft  was  less  than 
the  number  of  organisms  colonizing  the  wound  before  treatment  on 
17  of  23  occasions  (Table  5).  This  is  significantly  different  from 
the  performance  of  other  treatment  modalities  on  wounds  which  "took" 
allograft  (p<0.0]  by  chi-square  analysis).  The  average  decrease  in 
microbial  densities  following  allograft  "take"  was  greater  than  1 log 
(Fig.  1),  and  is  significant  by  both  parametric  (t-test)  and 
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TABLE  3 


RANKINGS  OF  WOUND  APPEARANCE  AFTER  TREATMENT 
FOR  ALL  WOUNDS  (N  = 43) 


Number  of  Subareas  in  Each  Rank 


[ Human  Cadaver  | Porcine  Synthetic  Coarse-Mesh 


A1 lograft 


Xenograft  Dressing 


Gauze 


1 1 1 .5* 


152.5- 


78.0+ 


88.0+ 


-Appearance  of  wounds  treated  with  human  cadaver  cutaneous 
allograft  was  worse  than  that  of  wounds  treated  with 
synthetic  dressing  or  gauze,  x2R_2  = 7-20,  p<.05. 

•"Appearance  of  wounds  treated  with  porcine  cutaneous  xeno- 
graft was  "worst,"  X^R_^  = 45.93,  p<0.001. 

+No  significant  difference,  X^.,,  = 1.49. 
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TABLE  4 £ 

PARAMETRIC  ANALYSIS  Of  TmE  CHANGE  IN  LOG  BACTERIAL  COUNTS  FOR  ALL  WOUNDS 


Human  Cadaver 

Porcine  Cutaneous 

Synthetic 

Coarse-Mesh 

Cutaneous  A) lograft 

Xenograft 

Dressing 

Gauze 

WOUNOS  ON  WHICH  ALLOGRAFT  ■■TOOK"  (N  - 23) 


Mean  log  bacterial  count 
before  treatment 

4.72 

! .... 

4.81 

4.61 

Mean  log  change  in  count  : 
after  treatment* 

-1  .20 

♦0.13 

♦0.02 

-0.25 

Standard  error  for  mean 
log  change 

0 . 38 

0.39 

0.35 

0.40 

95*  confidence  limits 
for  log  change 

-0.44  to  -I .96 

-0.65  to  ♦0.9’ 

*0.68  lo  *0.72 

-0.65  to  ♦ 

Significance  of  Change 
( t -test) 

"<0.01  i 

None 

None  | 

None 

WOUNDS  ON 

WHICH  AL10GKAFT  DID  HOT  "TAKE"  (N  • 18)** 

Mean  log  bacterial  count  , 
before  treatment 

4.23 

4.  77 

4.24 

4.72 

Mean  log  change  in  count 
after  treatment* 

♦ l .00 

♦0.57 

♦0.95 

♦0.47 

Standard  error  for  mean 
log  change 

0.^ 

♦0.40 

0.47 

0.43 

951  confidence  limits  for 
log  change 

-C.09  to  *2.09 

-0.23  to  ♦ 1 . 37 

0 to  ♦ 1 .90 

-O.39  to  ♦ 1 

Significance  of  change 
( t- tes  t ) 

p < 0.  1 

p<  0.2 

p<0.i 

P<0. 3 

•Negative  sign  indicates  decrease  in  mean  log  bacterial  count  after  t reatneni  . Positive 
sign  indicates  increase. 


**For  the  combined  results  of  all  four  treatments  for  wounds  on  which  allograft  did  not 
"take,  ' there  was  a mean  log  change  of  ♦ 0.70  (p  0.01.  N - 72). 


TABLE  5 


CHANGE  IN  BACTERIAL  COUNTS  FOLLOWING  TREATMENT  FOR  WOUNDS 
ON  WHICH  ALLOGRAFT  "TOOK"  (N  = 23) 


i 

i 

| Hunan  Cadaver 
A1  lograf  t 

Po  rc i ne 
Xenograft  i 

Synthe  t i c 
[ Dressing  ' 

i 

! Coarse-Mesh 
Gauze 

: 

N umbe  r 

1 

increased  i 

6 

11 

1 1 

| 

1 2 

Numbe  r 

wi  th  no  change  j 

0 

1 j 

3 ; 

1 

Numbe  r 

decreased 

i7  ; 

8 

^ ! 

10 

^Direction  of  change  is  different  for  allograft  than  for  the  other  treatment 
modalities  by  • p<0.05  w.th  "no  change"  counted  as  "decrease;"  p<0.0l 
with  "no  change"  counted  as  "increase." 


TABLE  6 


CHANGE  IN  BACTERIAL  COUNTS  FOLLOWING  TREATMENT  FOR  WOUNDS 
ON  WHICH  ALLOGRAFT  DID  NOT  "TAKE"  (N  * 1 8) 


1 

Human  Cadaver  l 
A I I oqraf t 

Porcine  1 
| Xenograft 

! 

1 

| Synthetic 
I Dressing 

Coarse-Mesh 

Gauze 

■ 

Counts  increased 

! i 

1! 

1 1 

1 1 

> 

10 

No  change 

1 

1 

0 

1 

1 

Counts  decreased 

6 

7 

6 ' 

7 

i 
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MEAN  LOG  CHANGE  IN  WOUND  AEROBIC 
BACTERIAL  COUNTS  FOLLOWING  TREATMENT 
(WOUNDS  ON  WHICH  ALLOGRAFT  “TOOK*') 

N = 23 


MEAN 

LOG  0 
CHANGE 


-L  ? 

XENOGRAFT  cynThETic  j 


12  3 4 

TREATMENT  MODALITY 


Figure  1.  Mean  log  change  in  wound  surface  bacterial 
colonization  following  a 48  hour  application  of  each  of  the 
four  treatment  modalities  for  wounds  on  which  cutaneous 
allograft  "took."  Vertical  lines  represent  the  standard 
error.  The  only  dressing  which  caused  a significant  change 
in  the  log  bacterial  count  was  human  cadaver  al lograft  which, 
when  it  "took,"  was  associated  with  a mean  change  of  greater 
than  1 log. 


nonparametric  analysis.  For  wounds  on  which  allograft  "took,"  there 
/ was  no  significant  change  in  log  of  the  organism  counts  with  any  of 

; the  other  treatment  modalities. 

U 

;j  For  wounds  on  which  allograft  uid  not  "take,"  none  of  the  indi- 

i.j’  vidual  treatment  modalities  resulted  in  a significant  change  in  the 

!’  log  bacterial  count.  Indeed,  over  50%  of  the  time,  the  bacterial 

[j  counts  increased  following  a 48  hour  application  of  any  of  the  four 

treatment  modalities  (Table  6).  Parametric  analysis  of  the  mean  log 
?}  change  also  failed  to  reveal  any  significant  change  following  any  of 

■ii  the  four  individual  treatments.  However,  the  combined  effect  of  all 

i four  treatments  was  a significant  increase  in  the  log  bacterial  count 

; (Fig.  2). 

I 

:■  When  all  4l  wounds  were  pooled,  there  was  no  significant  direc- 

, tional  or  numerical  change  in  the  quantitative  wound  cultures  following 

i:  treatment  with  any  of  the  dressings. 

Use  on  Larger  Wounds 

A series  of  subjective  observations  are  set  forth  which  are  am- 
plified  in  the  discussion.  First,  the  dressing  could  be  used  to  cover 
large  areas  of  granulation  tissue  which  required  the  removal  of  sur- 
face debris  before  grafting  could  be  performed.  These  wounds  were 
lj  successfully  prepared  for  graft  acceptance  by  daily  changes  of  the 

dressing,  soaked  in  5%  mafenide  acetate  solution  prior  to  use.  No 
desiccation  of  tissue  beneath  the  dressing  was  noted.  The  dressing 
conformed  well  to  irregular  surfaces,  but  required  external  support 
(Surgiflex^)  when  used  on  dependent  wounds  or  wounds  which  were  mobil- 
ized soon  after  application  of  the  dressing.  The  presence  of  blood 
or  purulence  under  the  dressing  was  easily  recognized  and  was  inter- 
preted as  an  indication  to  change  the  dressing.  No  fragmentation  of 
■ portions  of  the  dressing  into  the  wound  was  observed. 

I DISCUSSION 

, The  clinical  evaluation  of  a new  temporary  skin  substitute  re- 

* quires  a concomitant  re-evaluation  of  the  commonly  used  temporary 

substitutes  for  cutaneous  allograft  and  other  accepted  measures  for 
treating  such  wounds.  In  this  study,  the  new  synthetic  dressing  was 
compared  to  the  most  frequently  used  autograft  substitutes,  human 
cadaver  cutaneous  allograft  and  porcine  cutaneous  xenograft.  It  was 
also  compared  to  coarse-mesh  gauze  soaked  in  saline,  an  alternate 
method  for  treating  open  wounds.  The  results  of  our  study  not  only 
indicate  certain  differences  among  the  treatment  modalities  but  also 
clarify  the  indications  for  using  the  different  forms  of  treatment. 
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ME AN  LOG  CHANGE  IN  WOUND  AEROBIC 
BACTERIAL  COUNTS  FOLLOWING  TREATMENT 
(WOUNDS  ON  WHICH  ALLOGRAFT  DID  NOT  “TAKE") 
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Figure  2.  Mean  log  change  in  wound  surface  bacterial 
colonization  following  a 48  hour  application  of  each  of  the 
four  treatment  modalities  for  wounds  on  which  cutaneous 
allograft  did  not  "take."  Although  there  was  an  increase 
f in  bacterial  counts  following  treatment  with  any  of  the 

\ dressings,  the  increase  for  any  individual  dressing  was  not 

significant.  The  combined  effect  of  all  72  dressing  appli- 
I cations  was  to  significantly  increase  wound  colonization 

(p<0.01).  This  suggests  that  wounds  which  are  not  graftable 
j . should  be  treated  with  dressing  changes  more  frequently  than 

every  48  hours. 


This  study  is  limited  by  several  factors.  First,  it  is  confined 
to  a 48  hour  time  period.  Second,  to  analyze  quantitative  bacterial 
changes  in  series  of  paired  cultures  which  vary  widely  in  the  numbers 
and  types  of  organisms  initially  present  is  quite  difficult.  Third, 
"wound  appearance"  is  poorly  defined,  though  it  remains  the  most  fre- 
quently used  means  of  determining  wound  treatment  and  whether  or  not 
a wound  is  graftable.  Fourth,  a ret  rospect i ve  classification  of 
wounds  into  two  categories  based  on  the  performance  of  al lograft  was 
made.  It  can  be  argued  that  this  does  not  classify  the  wound  but 
merely  selects  those  wounds  on  which  allograft  performed  well.  Our 
results  are  discussed  within  the  framework  of  these  limitations. 

For  wounds  on  which  allograft  "took,"  treatment  with  allograft 
resulted  in  a wound  appearance  which  was  statistically  indistinguish- 
able from  that  of  wounds  treated  with  the  synthetic  material  or  coarse- 
mesh  gauze.  Wound  appearance  following  autograft  "take"  was  therefore 
as  good  as  that  following  any  form  of  treatment.  Allograft  "take" 
significantly  reduced  bacterial  colonization;  no  other  form  of  treat- 
ment did  so.  Wounds  which  "take"  allograft  are  therefore  best  treated 
with  allograft,  provided  there  is  a reason  not  to  use  the  patient's 
own  skin.  Our  data  suggest  that  the  synthetic  dressing  and  coarse- 
mesh  gauze  were  "next  best"  treatments:  both  resulted  in  a wound  ap- 
pearance which  was  statistically  indistinguishable  from  that  of  allo- 
graft, but  neither  caused  a significant  change  in  the  surface  bac- 
terial counts.  Treatment  with  porcine  cutaneous  xenograft  was  worst 
in  terms  of  wound  appearance  and,  again,  not  associated  with  a quan- 
titative change  in  the  wound  microbial  flora. 

For  wounds  on  which  allograft  did  not  "take,"  there  was  no  sig- 
nificant quantitative  change  in  wound  microbiology  following  treatment 
with  any  of  the  four  dressings  although,  for  each  dressing,  the  bac- 
terial counts  increased  more  frequently  than  they  decreased.  Wound 
appearance,  which  probably  reflects  debridement,  was  the  only  feature 
!i  distinguishing  between  the  performance  of  the  four  dressings.  The 

f appearance  of  wounds  treated  with  either  the  synthetic  dressing  or 

. with  coarse-mesh  gauze  was  best  and  these  were  statistically  indistin- 

guishable. The  appearance  of  areas  treated  with  allograft  was  ranked 
significantly  worse  than  that  of  areas  treated  with  either  gauze  or 
the  synthetic  dressing.  The  appearance  of  areas  treated  with  porcine 
cutaneous  xenograft  was  worse  than  that  of  areas  treated  with  the 
other  three  dressings. 

Although  the  performance  of  porcine  cutaneous  xenograft  was  worst 
in  terms  of  wound  appearance,  it  is  not  the  intention  of  this  study  to 
condemn  its  use.  The  xenograft  used  in  this  study  was  obtained  weekly 
from  a commercial  source,  and  no  formal  attempt  was  made  to  study 
either  the  viability  or  the  sterility  of  this  material. 


356 


Tecent  reports  of  microbial  con t ami nat i on  in  commercial  xenograft 
suggest  that  this  may  be  one  factor  which  limited  its  efficacy.  There 
appeared  to  be  considerable  variation  in  the  performance  of  the  pigskin 
and,  on  some  occasions,  its  performance  was  equal  to  that  of  cutaneous 
allograft.  Our  results,  therefore,  are  confined  to  specific  batches 
of  porcine  xenograft  obtained  from  a commercial  source  during  a five- 
month  period. 

A 48  hour  treatment  with  any  of  the  four  dressings  did  not  sig- 
nificantly alter  wound  microbiology  in  wounds  where  allograft  did  not 
"take."  However,  the  combi ned  results  of  all  four  treatment  modalities 
t F i g . 2)  indicate  that  a 48  hour  treatment  of  such  wounds  results  in 
a significant  increase  of  colonizing  bacteria.  This  suggests  that, 
on  wounds  which  were  not  graftable,  dressings  should  be  chanaed  more 
frequently  than  once  every  48  hours. 

It  is  reasonable  to  assume  that  wounds  which  "take"  allograft  will 
also  "take"  autograft.  Indeed,  this  is  the  basis  for  using  allograft 
as  a test  of  graft  "take."  The  data  suggest  that  the  use  of  allograft 
is  the  treatment  of  choice  for  patients  with  wounds  which  are  ready 
for  autograft  acceptance  but  in  whom  there  is  reason  to  use  a material 
other  than  the  patient's  own  skin:  patients  with  very  large  burns  and 
limited  donor  sites,  patients  undergoing  massive  surgical  excisions, 
patients  with  graftable  tissue  adjacent  to  nongraftable  wounds  in  whom 
autografting  in  a single  operative  procedure  is  desired,  and  patient' 
with  an  intercurrent  illness,  which  makes  a formal  grafting  procedure 
and  an  anesthetic  hazardous. 

The  data  also  indicate,  however,  that  wounds  which  are  not 
graftable  are  better  treated  with  either  mesh  gauze  or  the  synthetic 
dressing.  The  use  of  either  human  cadaver  cutaneous  allograft  or  por- 
cine cutaneous  xenograft  to  prepare  a wound  for  grafting  is  not  sup- 
ported by  our  data  in  this  and  other  reports. 

In  a report  which  outlined  the  development  of  this  synthetic  dres- 
sing, both  the  memprane  and  wound  closure  effects  of  the  dressing  were 
considered  and  tested  in  experimental  animals.  It  is  important  to 
emphasize  that  this  formal  study  deals  only  with  wound  appearance  and 
surface  microbiology.  The  membrane  effects  of  the  four  treatment 
modalities  were  not  studied.  Although  these  data  indicate  that  there 
was  no  significant  difference  between  the  performance  of  the  synthetic 
laminate  arid  coarse-mesh  gauze  in  terms  of  surface  colonization  or 
wound  appearame,  a laboratory  evaluation  indicated  that  animals  sub- 
jected to  602  body  surface  area  .kin  excisions  were  kept  a live  by 
coverage  with  the  synthetic  dres  ing  but  not  by  coarse-mesh  gauze. 
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Clinically,  when  large  area  wounds  are  treated  with  coarse-inesh  gauze, 
frequent  soak  i ngs  with  saline  or  antimicrobial  solutions  art  useci  to 
prevent  wound  desiccation.  The  preliminary  observations  in  patients 
with  large-area  wounds  treated  with  the  synthetic  material  suggest  that 
frequent  soaking  is  not  necessary  when  the  synthetic  dressing  is  used. 

The  development  of  this  synthetic  dressing  follows  many  reports  ot 
other  svnthetic  materials  used  for  temporary  wound  coverage  with  n the 
past  10  years.  Ivaion  sponges,  nylon  velours,  collagen  films,  poly- 
u’ethane  sponges,  and  po 1 yami noac i d films  have  been  evaluated  by  many 
different  investigators.  The  clinical  success  of  these  materials  has 
been  limited  by  poor  adherence  of  the  dressings  to  the  underlying 
tissue,  stiffness,  suppuration  beneath  the  dressings,  or  retention  of 
the  dressing  materials  in  the  wound.  The  new  synthetic  dressing 
eliminates  many  but  not  ail  of  these  problems. 

The  initial  adherence  of  the  dressing  was  not  as  good  as  :t  was 
on  experimental  wounds  in  the  rat,  although  no  external  support  was 
necessary  if  the  wound  could  be  immobilized.  Patient  immobi 1 izat ion 
was  considered  undesirable;  therefore,  the  use  of  a simple  SurgiPex 
covering  to  secure  the  dressing  in  place  for  several  hours  was  neces- 
sary. The  dressing  was  quite  flexible  and  somewhat  stretchable  in 
two  dimensions.  It  conformed  well  to  irregular  wound  surfaces  and 
permitted  active  motion  of  the  extremities  to  which  it  was  applied. 

The  dressing  was  manufactured  with  a seven-inch  width  and  an  indefinite 
length,  which  simplified  its  application.  An  entiie  upper  extremity, 
for  example,  could  be  covered  with  two  strips  of  the  synthetic  material. 

There  was  no  f ragmen  tat i on  or  retention  of  the  synthetic  dressing 
in  the  wound  uven  when  the  dressing  was  left  in  place  for  three  da/s 
or  longer  The  coarse-mesh  gauze  dressings,  in  comparison,  were 
loosely  woven  anu  fragmentation  and  retention  of  the  gauze  filaments 
was  frequently  noted. 


The  use  of  any  opaque  material  to  cover  a wound  involves  the  risk 
that,  shou’d  suppuration  occur  underneath  the  dressing,  it  might  not 
be  evidei  . until  the  dressing  is  removed.  For  cutaneous  allograft  and 
xenograft , this  is  rarely  a problem,  as  infection  under  the  graft  is 
easily  recognized  by  failure  of  g -aft  take  or  the  formation  of  blisters 
or  small  abscesses  between  the  g >af..  and  the  underlying  tissue,  which 
may  be  incised  and  drained.  With  gauze  dressing.,  suppuration  may  be 
obscured,  and  frequent  dressing  changes  are  necessary  for  wound  inspec- 
tion. Infection  underneath  the  synthetic  dressing  was  easily  recog- 
nized because  the  dressing  is  quite  thin  and  the  expanded  teflon  mem- 
brane surface  is  semitransparent;  any  collection  of  blood  or  purulent 
material  within  the  nylon  matrix  of  the  dressing  caused  staining  of  the 
expanded  teflon  surface.  In  practice,  th i * -taining  often  appeared  to 
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'■  ! lect  Jebris  within  the  dressing,  which  was  removed  from  the  wound 
i ; he  dressing  was  changed.  On  wounds  which  were  thought  to  be  un- 
g ru  ‘ ; tb  1 e , such  staining  was  usually  present  within  24  hours  after  ap- 
o ! i ca t i on  of  the  dressing,  and  the  dressing  was  changed  on  a daily 
bn, is.  On  wounds  which  were  thought  to  be  graftable,  the  staining 
••ome  times  did  not  occur  for  as  long  as  three  to  four  days.  That  the 
.saining  may  not  always  indicate  serious  infection  is  suggested  by  the 
evation  that  many  wounds  were  grafted  immediately  following  re- 
of  stained  dressings  with  excellent  "take"  of  the  autograft. 

Because  our  formal  studv  failed  to  reveal  any  consistent  decontam- 
.V  n of  the  wound  following  treatment  with  the  synthetic  dressing, 
tne  dressing  was  soaked  in  5's  mofenide  acetate  solution  before  use  on 
larger  surface  area  wounds.  The  efficacy  of  topical  chemotherapeutic 
agents  on  open  wounds  has  been  demonstrated  by  a number  of  investigators, 
md  the  use  of  such  agents  is  safe,  provided  that  the  total  dose  of  the 
unti-i  Fee  rive  agent  does  not  exceed  the  recommended  limits  for  paren- 
teral use  of  the  drug.  Used  in  tKis  fashion,  daily  changes  of  the 
dressing  were  effective  in  debriding  wounds  and  reducing  wound  coloni- 
sation, i.e.,  preparing  wounds  for  graft  acceptance. 

This  study  suggests  that  the  synthetic  dressing  may  have  a place  in 
he  treatment  of  burned  patients.  On  graftable  wounds,  where  an  auto- 
yaft  substitute  is  desired,  the  synthetic  dressing  may  be  ussa  as  a 
temporary  cover,  if  fresh  human  cadaver  allograft  is  not  available.  On 
granulation  tissue  which  requires  preparation  for  grafting  (i.e.,  de- 
bridement and  microbial  control),  either  the  synthetic  dressing  or 
coarse -mesh  gauze  appear  to  be  the  most  effective  treatment  modal i t ies. 
Within  the  fr-ji.iework  of  tne  formal  study,  there  was  no  difference  be- 
en  the  performance  of  gauze  or  the  synthetic  laminate.  However, 
clinical  experience  wi th  the  synthetic  dressing  and  its  laboratory  eval- 
uati  .r  suggest  that  : . . i s material  may  have  several  .id  van*  ages  over  the 
j>  e-mesh  nau'e  be ••  nuse  fhe  dress i no  nr  «vides  mer-brar*  c-tnct  !on.  does 
not  ^ragmen'  and  is  not  retained  in  the  wound,  permits  joint  ’notion, 
and  1 1 lows  prompt  recognition  of  purulent  material  within  the  dressing. 
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USE  OF  HYPOXIA-INDUCED  POLYCTHEMIC  MOUSE  IN  THE  ASSAY 
OF  ERYTHROPOIETIN  IN  BURNED  SOLDIERS 


Previous  studies  have  documented  prompt  responses  in  the  renin- 
angiotensin  system  or  erythropoietin  (ESF)  activation  following  phlebotomy 
(1,2).  Stimuli  such  as  salt-depletion  and  extracellular  fluid  volume  (ECFV) 
expansion  have  been  applied  to  normal  man  to  cause  renin  (PRA)  changes  but 
their  effects  on  ESF  have  not  been  evaluated  (3,4)  . A significant  correlation 
between  PRA  and  ESF  following  thermal  injury  prompted  this  study  of  the  two 
hormones  in  normal  volunteers.  Our  observations  indicate  that  although  PRA 
was  closely  linked  to  ECFV  changes,  ESF  excretion  varied  independently  of 
these  factors  and  increased  onlv  after  an  acute  reduction  in  red  cell  mass. 

METHODS 

Thermally  Injured  Patients.  Five  adult  male  burn  patients  were 
studied  from  1 to  56  days  postburn  (5)  . The  total  body  surface  area  burned 
ranged  from  15-64%  (mean  = 44%)  . The  patient  with  a 65%  burn  expired  10 
days  postburn  while  4 patients  survived  with  minimal  complications.  Certain 
portions  of  their  hospital  courses  have  been  described  before  (5)  . Most  blood 
and  urine  samples  were  obtained  during  the  first  month  postburn  at  4-8  day 
intervals.  Urine  was  collected  during  1?~b our  periods  without  preservatives 
and  then  frozen  during  and  after  collection. 

Normal  Subjects.  Sequential  24-hour  urine  samples  were  collected 
and  blood"  wtis  taken  from  the  normal  sub  nets  each  morning  at  8 00  A. M. 
corresponding  to  the  previous  day's  collection.  Daily  weights  were 
obtained  throughout  the  study.  A total  of  ?40  ml  blood  was  taken  for 
diagnostic  studies  from  each  subject  dur it  u the  study.  The  study  was 
divided  into  five  periods  as  follows:  Period  1-Days  1-3  (Control)  . An 
uncontrolled  diet  was  taken  for  the  first  3 days.  Period  II-  Days  4-6 
(EC-FV  eolation)  Eighty  mg  of  furosemide,  was  taken  by  mouth  by  each 
subjc-c1 * 3  or-  days  4 and  5.  A 50  mf-q/day  Na ' diet  wa  • begun  on  day  4 and 

1 . Adams, ,.n, J .VV . 1 "“68  The  erythroj.  io tin/hematocrit  relationship 
in  normal  and  polycyt  .omic  nun:  inipi.cati  • is  of  marrow  regulation.  Blood 
.</  5 17-600. 
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continued  until  day  10.  Period  III-  Days  7-9  (Phlebotomy)  . On  the  morning 
of  day  7,  phlebotomies  of  500  ml  from  subjects  A (84  kg)  and  B (67  kg) , 
and  750  ml  from  subject  C (97  kg)  were  taken  over  one  hour  without 
fluid  replacement  into  individual  donor  bags  and  refrigerated  The  50 
mEq/day  Na  diet  was  continued.  Each  subject's  usual  laboratory  acliv.iies 
were  continued . Period  IV  - Day^  10-13  (Salt  repletion,  anemia)  . A 
diet  of  approximately  200  mEq  Na  was  begun  on  day  10  and  continued 
until  the  study  was  terminated  on  the  morning  of  day  I T Period  V - 
Days  14-15  (Autotransfusion).  Each  subject's  previously  phlebotomized 
blood  was  infused  on  the  morning  of  day  14. 

Analytical  Methods.  Patients  and  normal  subjects  were  supine  at 
rest  for  at  least  30  minutes  after  at  least  an  8-hour  fast  prior  to  sampling 
for  PRA . Seven  ml  of  blood  was  drawn  into  ice-cold  Vacutainer  1 jtube- 
with  EDTA.  Jhese  tubes  were  immediately  centrifuged  in  a refrigerated 
centrifuge  (4  C)  and  the  plasma  frozen  for  later  analysis  of  PRA.  PRA 
was  assayed  using  the  Squibb  Angiotension  I immutope  kit  based  on  the 
radioimmunoassay  of  Haber , Koerner,  Page,  Kliman,  and  Purnode  (3). 
Samples  were  counted  in  a Packard  Auto-Camma  Spectrometer,  Model 
3002,  for  10  minutes.  Urine  for  ESF  was  kept  frozen  until  thawed  for 
dialysis  and  assay  by  the  method  of  Adamson,  Alexani^.  Martinez,  and 
Finch  (6)  . Erythropoietin  excretion  was  based  on  the  Ee  incorporation 
of  exhypoxic  polycythemic  mice  (5) . Serum  for  determination  of  elecn  e- 
lytes  and  creatinine  was  obtained  from  blood  clotted  in  glass  tubes  -serum 
and  urine  sodium  and  potassium  were  measured  by  flame  photometry. 
Hematocrits  were  measured  in  heparinized  microhematocnt  tub°s. 

RESULTS 

Thermal  Injury.  ESF  and  PRA  were  at  their  highes:  levels  soon  after 
burning  (5,7)  . Both  fell  to  nearly  normal  levels  within  approximately  a 
month  postburn.  All  patients  became  anemic  and  only  the  patient  with  a 
15%  burn  did  not  require  blood  transfusion.  No  patient  mamiested  hyper- 
tension regardless  of  the  degree  of  hyperreninemia  . The  g- eatest  in- 
creases in  PRA  were  noted  early  in  the  course  of  the  largei  burns  (Fig. 

1)  . A similar  ‘rend  was  seen  in  ESF  excretion.  ESF  was  correlated 
with  PRA  as  seen  in  Fig.  2. 

Normal  Subjects.  Mild  headaches  were  noted  by  - ach  subject  duri  iq 
Periods  II  and  III.  ESF  excretion  is  shown  in  Fig.  3.  Fr-F  was  signifi- 
cantly greater  in  the  phlebotomy  period  (III)  than  in  the  other  periods 


6.  Adamson,  J.W.,  R.  Alexanian,  C.  Martinez,  andC.A,  Finch.  1966 
Erythropoietin  excretion  in  normal  man.  Blood  28  354-365. 

7.  Rogers,  P.W.,  and  N.A.  Kurtzman.  197?  A study  of  the  renin  angio- 
tensin system  in  the  thermally  injured  patient.  5th  International  Congress  of 
Nephrology  118:  659. 
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tp  0.01)  . ESF  excretion  and  hematocrits  fell  in  Period  IV.  Renal  function 
as  judged  by  creatinine  clearances  remained  normal  in  each  subject  throughout 
. ie  study.  ESF  excretion  bore  no  relation  to  the  corresponding  urine  volume 
with  variations  between  500  and  2750  rnl/day  ( r=0 . 06 ) . 

PRA  varied  with  the  conditions  of  the  study  as+shown  in  Fig. 4.  All 
subjects  had  a prompt  response  to  furosemide  and  Na  restriction  with  weight 
loss  and  elevated  PRA  (normal  = 1-3  ng/ml/hour;  mean  during  control  periods 
~1.2  ng/ml/hour)  . During  Period  IV,  PRA  fell  in  each  subject  coincident  with 
weight  gain.  Weight  changes  and  PRA  were  related  as  estimated  by  analysis 
of  var  iance  with  a regression  as  follows: 

In  Y=4. 6046  - 0.0585  (body  weight)  + 1.1477  (weight  loss) 

(Y=PRA;  body  weight  in  kg),  and  r^  = 0.833. 

PRA  was  also  closely  related  to  the  excretion  of  Na  + as  shown  if  Fig.  5. 

ESF  and  PRA  were  responsive  to  different  stimuli  inasmuch  as  ESF 
excretion  did  not  increase  until  after  phlebotomy  at  a time  when  PRA  had 
previously  reached  its  peak.  PRA  fell  while  ESF  was  increasing  in  Period 
III . ESF  fell  gradually  during  Period  IV  while  PRA  fell  dramatically  with 
increased  salt  intake.  The  correlation  coefficient  between  corresponding 
ESF  and  PRA  measurements  overall  was  0.49  and  during  Periods  II  and  III, 
it  was  0.33. 

Serum  sodium  fell  slightly  but  significantly  with  salt  depletion  during 
Periods  II  and  III  as  compared  with  the  salt  repleted  periods,  the  mean  fall- 
ing from  141  to  140  mEq/liter  (p<0.01).  Serum  potassium  fell  from  4.1  to 
3.9mEq/liter  (p<  0.01). 

DISCUSSION 

Plasma  renin  levels  have  been  found  to  be  elevated  for  up  to  two 
months  following  burn  injury  (7,8)  . This  may  occur  in  spite  of  normal 
blood  volume,  blood  pressure,  cardiac  output,  and  pulmonary  wedge 
pressure  (7)  . Massive  potassium  excretion  and  prolonged  renal  sodium 
conservation  were  found  in  the  same  patients.  PRA  was  greatest  soon 
after  burns  and  related  to  burn  size  in  this  and  previous  studies.  Experi- 
mental animals  studies  have  also  described  situations  favoring  the  simul- 
taneous elaboration  of  both  PRA  and  ESF  Maneuvers  such  as  microsphere 
injection  resulting  in  renal  infarction,  renal  artery  clamping  and  hypoxia 


8.  Dolecek,  R . , M . Zavada.M.  Adamkova,  and  K.  Leikep.  1973. 
Plasma  renin  like  activity  (RLA)  and  angiotensin  II  levels  after  major 
burns.  Acta.  Chirurgiae  Plast . 15  166-169. 
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Figure  1 . Plasma  renin  activity  in  5 thermally  injured  patients  . The  <•  i 
tribution  of  samples  is  represented  as  follows:  ^ = Days  i-'. 
postburn;  Q=  Days  8-14;  • - Days  15-60. 


Relationship  of  Erythropoietin  Excretion  to  Simultoneous 
Plasma  Renin  Activity  in  the  Burned  Patient 
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Figure  3.  The  24-hour  urinary  erythropoietin  excretion  of  3 healthy  subjects 

during  5 study  periods:  Period  1-  Control;  Period  II  - Salt  Depietion; 
Period  III  - Phlebotomy  and  salt-depletion;  Period  IV  - Anemia; 

Period  V - Autotransfusion.  Each  subject  is  represented  by  a different 
bar . 
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Figure  5.  The  relationship  between  urinary  sodium  excretion  and  plasma  renin 
activity  of  healthy  subjects  during  5 study  periods.  See  Figure  3 and 
text . 
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have  caused  increases  in  both  (9-1 1 ) . Human  conditions  such  as  Bartter's 
syndrome,  hypertension,  and  renal  artery  stenosis  have  been  recorded 
with  both  increased  ESF  and  PRA  (12-14)  . These  observations,  together 
with  the  almost  invariable  anemia  and  possible  similarity  of  activation 
mechanisms  of  ESF  and  PRA  led  us  to  investigate  the  availability  of  the 
two  hormones  in  the  same  patients  or  subjects  at  the  same  time  (15-16)  . 

A combination  of  anemia  and  ECFV  depletion  led  to  the  elevations 
of  both  ESF  and  PRA  after  phlebotomy  in  Period  III  in  normal  subjects, 
but  only  PRA  rose  during  ECFV  depletion  (Period  II)  and  ESF  excretion 
increased  after  red  cell  mass  reduction  at  a time  when  PRA  was  falling 
(Period  III)  . The  lack  of  ESF  elevation  after  ECFV  depletion  in  normal 
subjects  was  not  unexpected  since  we  did  not  achieve  the  reduction  of 
renal  blood  flow  necessary  in  experimental  animals  to  cause  ESF  changes. 
The  fall  in  PRA  after  phlebotomy  was  almost  certainly  caused  by  con- 
current expansion  of  ECFV  as  evidenced  by  a weight  gain  in  each  subject. 
The  magnitude  of  red  cell  mass  reduction  was  more  evident  in  Period  IV 
following  ECFV  restoration  than  immediately  post-phlebotomy  as  evidenced 
by  hematocrit  changes  (Table  I)  . A dissociation  between  ESF  and  PRA 
was  evident  in  Period  IV  with  a rapid  fall  in  PRA  as  ECFV  repletion 
occurred  while  ESF  remained  slightly  above  control  values.  The 
gradual  fall  in  ESF  from  peak  levels  after  phlebotomy  was  more  likely 
due  to  unknown  causes  than  to  ECFV  repletion.  Similar  findings  have 
been  noted  previously  (1)  . 


9.  Abbrecht,  P.H.,  R.L.  Malvin,  and  A . J . Vander . 1966.  Renal  produc- 
tion of  erythropoietin  and  renin  after  experimental  kidney  infarction.  Nature 
211:  1318-1319. 

10.  Fisher,  J.W.,  A.  Samuels,  and  J . Langston.  1967.  Effects  of  angio- 
tensin, norepinephrine  and  renal  artery  constriction  on  erythropoietin  pro- 
duction. J.  Pharmacol.  Exper.  Therap.  157:618-625. 
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TABLE  I 


Thermally  Injured  Patients  Not  Requiring  Transfusion 


Number 

83  + 

Mean  Burn  Size* 

1 6 , 

Largest  Burn* 

451 

HOSPITAL  STAY 
( Mean  D iys) 

36 

Children 
i 1 2 years ) 

13 

Mean  Age 

26  years 

wi  274  consecutive  admissions 


of  total  body  surface  urea  burned 

Dissociation  ot  PRA  and  ESF  with  responsiveness  to  separate  stimuli 
implies  that  the  kidney  is  able  to  discriminate  between  multiple  stimuli, 
which,  unless  studied  separately,  might  appear  to  be  a single  factor  (17,  18)  . 
Such  findings  provide  further  impetus  for  the  study  of  the  complex  endocrine 
functions  of  the  kidneys. 


17.  Krantz,  SB.,  and  L . 0 . Jacobson . 1970.  Erythropoietin  and  the 
Regulation  of  Erythropoiesis . Univ.  af  Chicago  Press,  Chicago  39-40. 

18.  Donati.R.M.,  J J Bourgoignie,  C.  Kuhn,  N.l.  Gallagher,  and 
H..U.  Perry,  Jr.,  1968.  Dissociation  of  circulating  renin  and  erythropoietin 
in  rats.  Circ.  Res.  22:  91-95. 
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23.  (_UJ  In  the  established  dog  model  of  volume  expansion,  responses  in  adaptation  and 
autoregulation  occur.  Renal  prostaglandins  are  thought  to  play  a role  in  this 
autoregulation.  The  objective  in  this  study  is  to  observe  response  to  volume 
expansion  in  the  absence  of  prostaglandins  as  a model  of  changes  in  injured  troops. 

24.  (U)  Prostaglandin  inhibition  will  be  accomplished  with  parenteral  Indomcthacin  or 
mecofenamate  30  to  60  minutes  prior  to  study.  Changes  in  renal  blood  flow  will  he 
measured  using  clearance  of  PAH  and  radiolabcl led  microsphere  distribution.  Other 
parameters  followed  will  be  fractional  excretion  of  sodium,  water  rcabsorption  and 
water  clearance,  osmolar  clearance  and  blood  pressure. 

25.  (U)  75  02  - 75  06  To  date  only  preliminary  studies  have  been  completed.  Dogs  have 
been  studied  in  hypropenic  state  with  C.ER,  RBE  and  fractional  excretion  of  sodium.  In 
addition  CqsM  and  C^tO  have  been  determined.  live  percent  body  weight  expansion  is 
accomplished  over  45  minutes  and  the  animals  were  rcstudied.  Indomcthacin  was  then 
administered  to  block  prostaglandins.  There  has  been  no  change  observed  in  fractional 
excretion  of  sodium  or  (jpO  when  prostaglandins  arc  inhibited.  Microsphere  distribution 
have  not  been  done  in  these  early  studies.  A finding  of  interest  has  been  a rise  in 
blood  pressure  noted  in  all  animals  15-30  minutes  after  Indomcthacin.  further  studies 
are  necessary  to  enable  statistical  analysis. 
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The  renal  responses  to  volume  expansion  include  an  increase  in 
glomerular  filtration  rate  (GFR)  and  renal  blood  flow  (RBF)  , and  in  increase 
in  fractional  excretion  of  sodium  . Many  theories  for  the  natriuresis  have  been 
proposed  invoking  vascular,  physical  and  osmotic  factors.  The  finding  that 
prostaglandins  are  renal  medullary  substances  which  can  cause  a naturesis 
when  injected  into  a renal  artery,  led  to  the  hypothesis  that  renal  autoregulation 
might  be  due  to  the  actions  of  medullary  prostaglandins.  The  ability  to  block 
prostaglandin  synthesis  with  indomethacin  or  meclofenamic  acid  enables  the 
study  of  the  renal  response  to  volume  expansion  in  the  presence  and  absence 
of  prostaglandins , 

Anesthetized  dogs  have  been  studied  in  the  hydropenic  state  and  follow- 
ing 5%  body  weight  volume  expansion  with  Lactated  Ringers  Solution.  After 
observing  a urine  volume  response,  and  completion  of  appropriate  studies, 
either  indomethacin  or  meclofenamic  acid  are  given  intravenously  and  all  clear- 
ance studies  are  repeated  thirty  minutes  after  the  dose.  In  addition  to  f;  actional 
excretion  of  sodium,  C^g^  and  q are  being  determined  to  examine  distal 

luble  delivery  of  sodium.  Additional  studies  with  prostaglandin  inhibiti-  n 
prior  to  volume  expansion  and  studies  in  unaesthetized  dogs  are  planned 
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To  date  insufficient  data  is  available  for  statistical  analysis  or  inter- 
pretation . 
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23.  (U)  In  an  established  model  of  Gentamicin  nephrotoxicity  in  the  rabbit,  animals 
treated  with  Indanethacin  or  mecofenamate  will  be  observed  for  differences  in  course  of 
disease  compared  to  control  rabbits  to  develop  improved  treatment  for  injured  soldiers 
with  renal  failure. 

24.  (U)  Rabbits  will  be  challenged  with  daily  doses  of  Gentamicin  of  varying  dosage 
with  a dose  established  which  will  give  predictable  nephrotoxicity.  At  the  dose  of 
predictable  nephrotoxicity  control  animals  and  Indome thacin  treated  animals  will  be 
followed  observing  changes  in  development  of  disease,  severity  of  clinical  disease,  and 
differences  in  pathology  at  the  time  of  sacrifice  or  death. 

25.  (U)  74  07  - 75  06  The  preliminary  studies  in  this  protocol  were  designed  to 
establish  a model  of  gentanicin  nephrotoxicity.  The  initial  two  groups  receiving 
40  mg/kg  and  80  mg/kg  per  day  for  two  weeks  shewed  no  biochemical  evidence  of  renal 
disease.  On  light  microscopy  no  abnormalities  were  noted.  An  additional  group  placed 
on  17,  NH4CI  drinking  water  and  treated  with  40  mg/kg  for  two  weeks  showed  mild 
metabolic  acidosis  and  slight  rise  in  BUN  although  light  microscopy  failed  to  show 
significant  pathology.  Further  studies  looking  at  rabbit  handling  of  gentamicin  will 
be  performed . 
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Ace ie  reversible  renal  failure  remains  an  important  complication  m 
the  burned  patient.  The  use  of  aminoglycoside  antibiotics  in  the  bunted 
also  is  associated  with  a risk  of  nephrotoxicity . The  present  study  is  designed 
to  develop  a working  model  of  gentamicin  nephrotoxicity  in  the  rabbit.  The 
pathophysiology  of  acute  renal  failure  and  in  particular  nephrotoxic  renal  failure 
is  not  well  understood.  The  role  of  vasoactive  agents  (i.e.  renin , mvjiotons'n 
prostaglandins)  have  been  postulated  and  investigated  . In  the  model  of  genta- 
macin  nephrotoxicity  we  have  investigated  the  effect  of  prostaglandin  inhibition 
in  the  development  of  nephrotoxicity  . 

Preliminary  studies  utilizing  2-4  kilogram  rabbits  receiving  40  mg/kg 
and  80  mg /kg  per  day  gentamicin  for  2 weeks  failed  to  show  either  biochemical 
change  in  renal  function  or  anatomic  changes  as  studied  by  lgiht  microscopy 
of  the  kidney.  Another  group  of  rabbits  given  1°0  NH  Cl  in  their  drinking  water 
and  40  mg/kg  gentamicin  for  2 weeks  showed  a slight4 increase  in  BUN  but;  light 
microscopy  failed  to  show  any  anatomical  changes. 

Further  work  is  in  progress  at  this  time  and  is  necessary  before  final 
conclusions  can  be  reached  . 
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23.  (U)  To  identify  electrormicroscopic  glcnerular  pathology  post  bum  and  relate  it  tc 
renal  function  changes  in  burned  soldiers. 

24.  (U)  All  patients  in  the  bum  unit  with  immediate  postmortem  authorization  will 
undergo  within  one  hour  postmortem  percutaneous  needle  biopsy  of  kidney.  Tissue  will 
be  examined  by  light,  electron,  and  imnunof luorescent  microscopy.  Premortem  renal 
function  will  be  monitored  by  urinalysis,  BUN,  serum  creatinine,  urine  creatinine, 
urine  sodium,  and  urine  potassium.  Patients  vri.ll  be  grouped  by  serum  creatinine  and 
pattern  of  function  (6p.I:Cr  less  than  1.2;  6pII:Cr  more  than  1.2;  A:prerenal;  B: renal) 
Clinical  coarse  noting  type  of  bum,  crush  injury,  resuscitation,  coagulopathy,  shock, 
sepsis,  hypoxia,  and  medications  will  be  recorded  for  future  correlation. 

25.  (U)  75  01  - 75  06  As  of  1 Apr  75,  12  patients  have  undergene  postmortem 
percutaneous  needle  biopsy  of  the  kidney  within  two  hours  of  death.  Five  patients  had 
tissue  adequate  for  study  by  electrormicroscopy  and  three  patients  had  tissue  adequate 
for  inmunof luorescent  microscopy.  Three  patients  with  normal  renal  function  had  normal 
EM.  One  patient  with  renal  azotemia  had  normal  gkmeruli  by  EM  and  the  remaining 
patient  had  pre-renal  azotemia  with  EM  revealing  sclerosis  fran  prebum  disease.  All 
irruno  f lucres  cent  studies  were  negative  for  IgG,  IgH,  IgA,  fibrin,  and  complement. 
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Twelve  patients  have  undergone  postmortem  percutaneous  needle 
biopsy  of  the  kidney  within  two  hours  of  death.  Five  patients  had 
tissue  adeguate  for  study  by  e 1 ec t ronmi c roscopy , and  three  patients 
had  tissue  adeguate  for  i mmuno f 1 uo res cen t microscopy.  Three  patients 
with  normal  renal  function  had  normal  e 1 ect ronmi c roscopy . One  patient 
with  renal  azotemia  had  normal  glomeruli  by  e 1 ect ronmic roscopy  and  the 
remaining  patient  had  prerenal  azotemia  with  el ectronmi c roscopy  re- 
vealing sclerosis  from  preburn  disease.  All  immunof 1 uorescent  studies 
were  negative  for  IgG,  1 g M , IgA,  fibrin,  and  complement. 

Too  little  data  is  available  at  this  time  for  adequate  inter- 
pretat ion. 
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The  incidence  of  renal  i nsu f f i c iency  following  thermal  injury  has 
decreased  with  improved  initial  fluid  resuscitation.'  However,  even 
with  adequate  resuscitation,  azotemia,  whici.  orogresses  to  marked  renal 
insufficiency,  is  occasionally  seen.  The  typical  pattern  is  that  of  a 
"prtrenal"  insufficiency  manifested  by  a BUN/c rea t i n i ne  ratio  greater 
than  10,  urine  urea  n i t rogen/se rum  urea  nitrogen  or  urine  creatinine/ 
serum  creatinine  ratio  greater  than  20,  urine  specific  gravity  greater 
than  1.015,  and  a low  excretion  of  sodium  with  a high  excretion  of 
potassium.  The  tubules  continue  to  perform  maximally  as  glomerular 
filtration  progressively  declines,  revealing  a g 1 ome rul o tubu I a r im- 
ba 1 ance . 

Graber  and  Sevitt  observed  occasional  lipid  deposits  in  glomeruli 
and  areas  of  tubular  necrosis  in  the  thermally  injured  patient.  How- 
ever, in  spite  of  microscopic  pathology,  the  tubules  were  able  to  reab- 
sorb sodium  and  excrete  potassium  normally.  It  may  be  that  the  reduc- 
tion in  urine  flow  allows  the  tubules  to  reclaim  most  sodium  from  the 
slowly  moving  filtrate.  A block  in  plasma  flow  from  the  glomerulus  to 
the  tubule  could  explain  the  clinical  findings.  Graber  and  Sevitt  de- 
scribed multiple  fine  droplets  of  fat  within  the  glomerular  tufts  and 
poss i b 1 y wi  th i n the  endothe 1 i urn  and  ep i the  1 i um.  However,  no  electron 
microscopy  was  performed.  Tissue  submitted  from  ISR  autopsy  specimens 
in  the  past  for  electron  microscopy  and  i mmuno f 1 uo rescen t microscopy 
have  been  unsatisfactory  for  detailed  study.  Tissue  obtained  within 
one  hour  of  death  will  hopefully  provide  i n te rpret ab I e study  material. 

This  study  will  attempt  to  identify  any  electronmicroscopi c glo- 
merular pathology  associated  with  normal  and  abnormal  renal  function 
in  the  thermally  injured  patient.  All  patients  with  immediate  post- 
mortem au tho r iza t i on  will  undergo  within  one  hour  postmortem  percu- 
taneous needle  biopsy  of  the  kidney.  Tissue  will  be  examined  by  light 
and  electron  microscopy  at  the  ISR  Lab.  Renal  tissue  will  also  be 
rapidly  frozen  and  sent  to  Dr.  McPhaul  at  Wilford  Hall  Air  Force  Hos- 
pital for  i mmuno f I uorescen t microscopy  to  determine  1 he  presence  of 
IgG,  IgA,  fibrin,  and  complement.  Renal  function  will  be  moni tored  by 
urinalysis,  BUN,  serum  creatinine,  urine  creatinine,  urine  sodium,  and 
urine  potassium.  Patients  will  be  grouped  by  serum  creatinine  and 
pattern  of  function  (Group  1:  Cr  less  than  1.2;  Group  II:  Cr  greater 
than  1.2;  A:  prerenal;  8:  renal).  Clinical  course,  noting  time  of  burn, 

1.  Moncrief  JA:  Burns.  New  Eng  J lied  288:4M,  1973- 

2.  Graber  IG,  Sevitt  S:  Renal  function  in  burned  patients  and 

its  relationship  to  morphological  changes.  J Clin  Path  12:25,  1959. 
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crush  injury,  resuscitation,  coagulopathy,  shock,  sepsis,  hypoxia,  and 
medications  will  be  recorded  for  future  correlation. 
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23.  (U)  To  assess  the  role  of  calcium  in  the  stimulation  of  the  renin  angiotensin 
system  as  related  to  hypertension  in  military  personnel. 

24.  (U)  A series  of  dogs  will  be  studied  as  the  experimental  model.  Various 
concentrations  of  calcium  will  be  infused  directly  into  the  renal  artery,  and  the 
production  of  renin  angiotensin  will  be  measured  by  direct  cannulization  of  the  renal 
vein.  The  contralateral  kidney  will  remain  uninfused  and  will  serve  as  a control. 

25.  (U)  74  07  - 75  06  The  preliminary  aim  of  this  protocol  was  to  perform  calcium 
infusion  in  the  Awake  Intact  Dog.  We  have  experienced  considerable  difficulty  in 
keeping  the  catheters  required  patent  for  a prolonged  period  of  time  and  therefore  we 
switched  to  the  lightly  anesthetized  animal  model.  We  have  dene  approximately  six, 
experimental  animals,  the  results  thus  far  are  inconclusive  due  to  difficulty  with 
laboratory  analysis  of  the  samples  and  technical  problems  with  the  surgical  model. 
Early  results  indicate  that  calcium  does  have  a stimulatory  affect  on  the  Renin- 
Angiotensin-Svstem  and  the  study  will  be  pursued. 
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The  role  of  calcium  in  the  production  of  hypertension  was  evaluated. 
Calcium  was  infused  n low  concentration  into  the  renal  artery  of  a lightly 
anesthetized  dog.  The  data  is  incomplete  due  to  technical  problems,  but  pre- 
liminary observations  indicate  that  plasma  renin  activity  (PRA)  does  rise 
during  calcium  infusions.  The  study  will  be  continued. 
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the  Eri'ECTS  or  calcium  or;  the  renin-angiotensin  system 

- USE  OF  AN  ANIMAL  MODEL  OF  HYPERTENSION 


The  association  of  hypercalcemia  and  hypes  tension  is  well  recog- 
nized but  the  pathophysiology  is  obscure.  Studies  in  dogs  and  other  exoer- 
imental  preparations  have  shown  that  hypercalcemia  alone  or  in  combination 
with  hyperkalemia,  alkalosis,  and  hypomagnesemia  is  capable  of  r ducing 
vasoconstriction . This  seems  to  be  true  in  peripheral  vessels  as  well  as  in 
renal  vasculature.  It  is  also  well  known  that  calcium  has  a positive  ionotrophic 
effect  on  cardiac  contractility.  Hypertension  can  be  aggravated  by  states  of 
increased  cardiac  contractility,  combined  with  increased  pel  ipheral  resistance, 
but  it  is  uncertain  whether  calcium  produces  the  observed  hypertension  via 
these  mechanisms  or  whether  it  has  a direct  humoral  effect,  perhaps  acting 
by  way  of  the  renin  angiotensin  system.  Weidmann,  el  al  (1)  showed  that  >n 
normals,  as  well  as  in  patients  with  renal  failure,  infusion  of  calcium  caused 
an  elevated  blood  pressure,  and  the  correlation  between  the  blood  pressut  e 
and  the  increment  in  scrum  calcium  was  significant.  These  investigators 
failed  to  show  a correlation  between  the  blood  pressure  and  plasma  renin, 
but  other  investigators  have  demonstrated  an  increased  renin  production 
in  kidney  slices  incubated  with  increasing  calcium  concentrations.  If  calcium 
concentration  plays  a role  in  regulating  output  of  renin  from  the  kidney,  the 
exact  manner  in  which  this  occurs  is  not  known.  Calcium  may  produce  local 
vasoconstriction  of  the  renal  artery,  leading  to  ischemia,  with  the  expected 
rise  in  plasma  renin  levels  as  in  unilateral  renovascular  hypertension.  Also, 
the  calcium  may  act  by  altering  the  renal  handling  of  sodium,  magnesium, 
phosphorus,  etc  . , and  thus  indirectly  affect  the  output  of  aldosterone  via  the 
renin-angiotensin  system  . 

METHODS 

A series  of  dogs  were  studied,  each  dog  se.  ving  as  his  own  control . 

A flank  incision  was  made  and  a renal  artery  and  vein  cannulated . During 
the  control  period,  plasma  renin  levels  in  the  renal  artery  and  vein  were 
measured.  At  the  same  time,  PAH  and  inulin  clearances  were  determined  in 
each  kidney,  and  a peripheral  arterial  pressure  was  recorded.  Calcium 
(total  and  ionized)  , phosphorus,  potassium,  and  magnesium  levels,  were 
determined  during  the  test  period  in  the  renal  artery,  vein,  and  urine.  Various 
concentrations  of  calcium  were  infused  directly  into  the  renal  artery  during 
which  time  the  above  measurements  wore  repeated  . All  attempts  were  made 
to  keep  renal  artery  pressure  constant  as  well  as  peripheral  serum  sodium, 
potassium,  and  magnesium.  Although  the  dogs'  vital  signs  were  measured. 


Weidmann,  Peter;  Massry,  Shaul  G;  Coburn,  Jack  W;  Maxwell,  Morton  II.; 
Atieson,  Joyce;  Kleeman  Charles  R;  Blood  pressure  effects  of  acute  hyper 
calcomia:  studies  in  patients  with  chronic  renal  failure.  Annals  of  Internal 
Medicine  76;  741-745,  1972. 
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no  attempt  was  made  tv  monitor  the  cardiac  output  and  peripheral  resistance, 
at  least  in  the  preliminary  phase  of  the  study.  During  each  of  the  collection 
periods,  plasma  was  collected  and  frozen  for  aldosterone  determinations. 

RESULTS 

The  preliminary  aim  of  this  protocol  was  to  perform  calcium  infusions 
in  the  Awoke  Intact  Dog  . We  have  experienced  considerable  difficulty  in  keep- 
ing the  number  of  catheters  required  patent  for  a prolonged  period  of  time  and 
therefore  we  switched  to  the  lightly  anesthetized  animal  model.  We  have  done 
approximately  six  experimental  animals,  the  results  thus  far  are  inconclusive 
due  to  difficulty  with  laboratory  analysis  of  the  samples  and  technical  problems 
with  the  surgical  model. 

DISCUSSION 

Early  results  indicate  that  calcium  docs  have  a stimulatory  effect  on  the 
Renin-Angiotensin-System  and  the  study  will  be  pursued. 
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23.  (U)  The  objective  of  this  study  is  to  determine  the  mechanism  of  hypocalcania 
and  hypocalciuria  in  thermally  injured  patients.  In  addition  the  role  of  calcium  in 
the  production  of  renal  impairment  in  thermally  injured  troops  is  to  be  assessed. 

24.  (U)  Calcium  balance  studies  will  be  performed  on  bum  patients , with  all  calcium 
intake  and  output  measured.  If,  as  we  expect,  the  patient  is  in  positive  calcium 
balance,  we  will  investigate  the  skin  as  the  site  of  calciun  deposition.  Skin 
biopsies  and  eschar  biopsies  will  be  performed  and  analyzed  for  calciun.  In  addition, 
parathyroid  hormone  levels  will  be  determined,  and  the  response  to  the  development  of 
hypocalcemia  will  be  documented.  This  will  be  correlated  with  any  functional  change 
in  renal  metabolism. 

25.  (U)  74  07  - 75  06  The  main  inpediment  for  the  completion  of  this  protocol  has 
been  the  inability  to  obtain  reproducible  results  with  the  Ionized  Calciun  Electrode; 
however,  in  the  past  month  Captain  Webb  fran  the  Laboratory  Branch  has  taken  a personal 
interest  in  this  project  and  has  succeeded  in  standardizing  the  electrode  and  in 
obtaining  consistent  results.  Preliminary  data  indicate  that  indeed  the  burned 
patient  has  a significant  early  hypocalcemia  both  total  and  ionized.  Firm  conclusions 
cannot  be  drawn  frcm  this  preliminary  data. 
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Hypocalcemia  is  a common  event  in  the  burned  patient,  as  is  reflected  by 
the  low  total  serum  calciums  and  electrocardiographic  changes  of  hypocalcemia. 

To  evaluate  the  etiology  of  this  hypocalcemia  approximately  20  patients  have  been 
studied  during  this  report  period.  The  small  number  of  patients  and  the  data  do 
not  permit  any  firm  conclusion,  however  certain  observations  may  be  made.  Hypo- 
calcemia is  an  early  event  being  observed  immediately  post  injury.  The  data  on 
ionized  calcium  is  incomplete  because  of  difficulty  with  equipment,  however  the 
initial  impression  is  that  immediately  after  burn  the  ionized  calcium  is  normal,  out 
drops  to  low  levels  by  the  second  and  third  week  post  injury.  These  changes  are 
reflected  by  electrocardiograph  abnormalities . The  urinary  excretion  of  calcium 
is  low  initially  and  slowly  rises  throughout  the  convalescent  course.  The  skin 
calcium  appears  to  be  unmeasurbaly  low  in  both  the  burned  and  unburned  skin. 
The  parathormone  levels  and  the  stool  calcium  levels  have  not  yet  been  analyzed  . 
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23-  (U)  Pulmonary  injury  due  to  the  inhalation  of  products  of  incomplete  combustion 
or  toxic  fumes  may  be  quite  lethal  by  itself  and,  when  this  injury  occurs  in  associatioij 
with  a cutaneous  thermal  injury,  the  mortality  is  very  high.  The  incidence  of  inhala- 
tion injury  in  a large  series  of  burns  by  standard  clinical  criteria  has  been  reported 
to  be  about  37.  The  diagnosis  of  inhalation  injury  with  the  use  of  the  133Xenon  lung 
scan  has  proven  to  be  a far  more  accurate  diagnostic  tool  than  if  clinical  criteria 
are  used  alone.  The  objective  of  this  study  is  to  evaluate  the  use  of  systemically 
administered  steroids  as  a means  of  treating  inhalation  injury  in  military  personnel. 

24.  (U)  All  patients  between  the  ages  of  15-40  years  who  have  sustained  burns  within 
48  hours  of  admission  will  be  randomized  for  double-blind  admi n i s t rat i on  of  steroids 
or  a placebo  as  a means  to  evaluate  them  in  the  treatment  of  inhalation  injury.  The 
133Xenon  lung  scan  will  be  used  to  detect  the  presence  or  absence  of  an  inhalation 
i nj  ury , 

25.  (U)  74  07  - 75  06  Twenty-five  patients  have  begun  the  study.  Though  the  drug 

code  has  not  been  broken  as  yet,  some  information  is  available  to  the  effect  that 
I)  complications  appear  to  be  related  to  burn  size  and  infection  rather  than  to  the 
use  of  the  agent,  i.e.,  two  treatment  groups  cannot  be  distinguished;  2)  flow  rates 
improve  with  time  whether  or  not  the  patient  is  getting  the  drug  or  placebo. 
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In  order  to  evaluate  the  effect  of  a three-day  course  of  high-dose 
steroids,  30  patients  were  studied  in  a double  blind  manner  (15  re- 
ceiving steroids,  15  receiving  a placebo).  No  difference  was  found 
in  the  complication  rate,  time  of  complications,  or  ultimate  outcome 
of  the  patient.  In  addition,  12  of  the  patients  had  serial  pulmonary 
function  measurements  (seven  in  the  steroid  group,  five  in  the  non- 
steroid group),  and  again  no  differences  were  noted  between  the  two 
groups  as  far  as  improvement  in  volume  or  flow  measurements. 
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EVALUATION  OF  STEROIDS  IN  THE  MANAGEMENT  OF  INHALATION 
INJURY  OF  MILITARY  PERSONNEL 


For  many  years,  steroids  in  high  dosages  have  been  advocated  for 
the  treatment  of  inhalation  injury.  In  addition,  De  la  Pena,  et  al,* 
have  shown  in  an  animal  model  that  very  high  doses  (equivalent  to 
7.0  g of  methy lprednisolone  for  human  beings)  given  one  hour  after 
inhalation  of  smoke  will  improve  mortality.  However,  in  a referral 
situation,  patients  are  rarely  seen  that  early  in  their  course.  For 
these  reasons,  we  have  been  evaluating  the  effectiveness  of  large 
doses  (0.5  g,  q.i.d.  for  3 days)  of  Decadron  in  patients  with  a posi- 
tive l33xenon  lung  scan. 

METHOD 

Thirty  patients,  without  clinical  evidence  of  chronic  pulmonary 
disease  and  with  positive  !33xenon  lung  scans,  were  begun  on  three  days 
of  high  dosage  (20  g/day)  Decadron  or  placebo  in  a double  blind  manner 
within  72  hours  of  injury.  Pulmonary  function  tests  were  done  prior 
to  the  first  dose  and  at  48  hours  after  the  start  of  therapy  where 
possible.  These  studies  included  maxi  mum  expi ratory  flow-volume  curves 
and  measurement  of  dynamic  compliance  and  pulmonary  resistance.  Volume 
and  flow  were  measured  using  an  Ohio  Model  840  dry  spirometer  and 
pressure  with  a 12  cm  esophageal  balloon,  the  tip  placed  42  cm  from 
the  nares,  connected  to  a Statham  pressure  transducer.  A Tetronix 
oscilloscope  was  used  for  the  recording  of  MEFV,  and  an  Electronics 
for  Medicine  strip  recorder  was  used  for  recording  volume,  flow,  and 
pressure  signals  for  the  dynamic  compliance  and  pulmonary  resistance. 

In  addition,  following  completion  of  the  study,  electrocardio- 
grams and  x-rays  were  reviewed,  with  the  investigators  noting  if  any 
pulmonary  complications  had  occurred  and  when  they  occurred.  Lastly, 
pathology  reports  were  reviewed  as  to  the  cause  of  death  and  the 
presence  of  pulmonary  lesions. 

RESULTS 

Table  1 shows  the  clinical  findings  i l the  two  groups  of  patients: 
The  groups  were  similar  i i . age,  per  cent  total  body  surface  burn  and 
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per  cent  third  degree  burn.  In  addition,  the  mortality  and  compli- 
cation rates  were  similar. 


f 

I 
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Table  2 shows  the  results  of  the  pulmonary  function  studies  for 
the  two  groups.  As  can  be  seen,  both  groups  showed  a slight  decrease 
in  vital  capacity  and  peak  flow,  with  little  change  in  flow  rates  at 
50  per  cent  and  25  per  cent  of  the  vital  capacity.  Interestingly, 
the  pulmonary  resistance  decreased  in  the  ste roi d-t reated  group.  Only 
one  patient  in  the  control  group  had  tests  done  at  both  0 and  48  hours 
and  no  comparison  could  be  made. 

CONCLUSION 

Analysis  of  the  data  is  continuing,  but,  at  the  present  time,  it 
appears  that  steroids  given  in  this  manner  are  not  beneficial.  This 
does  not  exclude  the  use  of  steroids  either  immediately  after  the 
injury  is  sustained  or  at  time  of  development  of  a pulmonary  compli- 
cation. 
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Nebulized  gentamicin  or  normal  saline  was  used  as  an  adjunctive  thera- 
peutic modality  in  19  burn  patients  with  bronchopneumonia  diagnosed  roent- 
genographically  in  this  prospective,  double-blind  study.  Eleven  patients  were 
in  the  gentamicin  group  and  8 were  in  the  placebo  group. 

Eight  of  11  patients  (73%)  in  the  gentamicin  group  had  roentgenologic 
clearing  of  their  bronchopneumonia  compared  with  3 of  the  8 patients  (38%)  in 
the  placebo  group.  None  of  the  10  patients  who  ultimately  died  in  the  gentamicin 
group  had  bronchopneumonia  at  autopsy;  whereas,  3 of  7 (43%)  in  the  placebo 
group  died  of  bronchopneumonia. 

There  was  no  morbidity  associated  with  nebulized  gentamicin  therapy.  No 
resistant  bacterial  organisms  developed  during  the  study.  Therefore,  nebulized 
gentamicin  appears  to  be  a safe,  effective  adjunctive  therapeutic  modality  in  the 
treatment  of  bronchopneumonia  in  severely  burned  soldiers;  however,  more 
patients  are  required  to  make  a statistically  valid  comparison. 
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NEBULIZED  GENTAMICIN  IN  SOLDIERS  WITH 
SEVERE  BURNS 


Bronchopneumonia  was  diagnosed  in  186  of  563  (33.  1 53)  of  the  thermally 
injured  patients  admitted  to  the  United  States  Army  Institute  of  Surgical  Research 
from  1 January  1972  through  31  December  1973.  During  this  same  period, broncho- 
pneumonia was  a cause  of  death  in  101  of  the  215  patients  (47.0'?,)  who  died. 
Therefore,  18%  of  all  admissions  died  with  bronchopneumonia.  The  most  alarming 
aspect  of  these  figures  is  that  in  spite  of  intensive  medical  care  with  highly 
trained  personnel  and  the  most  modern  technics,  equipment  and  drugs,  54V  of 
all  burned  patients  who  developed  bronchopneumonia  died  as  a result  of  that 
process . 

High  concentrations  of  an  effective  antibiotic  on  the  exposed  surface  of 
burn  wounds  has  been  demonstrated  to  control  the  bacterial  proliferation  and 
invasion  formerly  seen  in  such  wounds.  Using  the  same  concept  we  theorized 
that  bronchopneumonia  might  be  better  controlled  by  topically  applying  anti- 
biotic to  the  epithelial  surface  of  small  airways. 

Topical  application  of  the  antibiotic  down  into  the  alveoli  can  be  achieved 
by  nebulization  of  its  liquid  form  into  5 micron  or  smaller  droplets.  The  Bard- 
Parker  nebulizer  which  provides  fluid  particles  between  0.25  and  6.0  micra  in 
size  can  be  used  on  volume  as  well  as  pressure  cycle  respirators.  Consequently , 
the  mechanism  for  effecting  the  proposed  therapy  was  readily  available  and 
easy  to  use.  Theoretically  the  antibacterial  agent  should  meet  the  following 
criteria  : (a)  not  injure  healthy  or  diseased  tissues,  (b)  be  effective  against 

most  gram-negative  pathogens,  (c)  have  a high  level  in  tracheobronchial  secre- 
tions after  administration , and  (d)  be  minimally  absorbed  into  the  systemic  cir- 
culation. Gentamicin  seemed  to  meet  all  these  specifications  .There  was  no  change 
in  pulmonary  function  studies  done  in  healthy  volunteers  (1).  Gentamicin  is 
widely  recognized  as  an  effective  antibacterial  agent  for  most  gram-negative 
organisms  and  certain  coagulase  positive  staphylococci.  Significantly  higher 
levels  of  the  drug  can  be  obtained  in  sputum  when  it  is  instilled  intratracheal ly 
than  when  it  is  given  parenterally  (2)  . The  lipoid  solubility  of  antibiotics  is 
directly  related  to  their  systemic  absorption  from  the  tracheobronchial  tree  in 
rats  (31  . Gentamicin,  which  is  water  soluble  and  almost  completely  lipoid  in- 
soluble, produced  low  serum  levels  (1  .9  ug/ml)  when  instilled  in  the  infected 
tracheobronchial  tree  of  humans.  In  the  same  study,  parenteral  administration 
of  the  same  daily  dose  (240  mg)  resulted  in  significantly  higher  serum  levels 
(6.4  ug/ml)  (4).  Therefore,  even  if  gentamicin  is  given  parenterally  and  via 
nebulization  the  total  amount  in  the  blood  should  be  less  than  the  toxic  level  of 
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A pilot  study  revealed  that  nebulized  gentamicin  in  the  treatment  of  broncho- 
pneumonia appeared  to  be  efficacious.  However,  a double-blind, prospective 
study  was  initiated  to  control  investigator  bias  regarding  interpretation  of  the 
pulmonary  roentgenograms,  morphologic  findings  and  patient  selection. 

METHODS 

In  the  pilot  study  8 adult  burn  patients  who  required  intubation  for  respira- 
tory support  were  given  240  mg  gentamicin  nebulized  via  their  endotracheal  tube 
daily  in  doses  divided  as  follows:  40  mg  every  4 hours  or  80  mg  every  8 hours. 

The  gentamicin  was  continued  until  the  patient  died  or  no  longer  required  res- 
piratory support.  The  comparison  group  of  13  patients  was  retrospectively 
selected  to  include  all  of  the  other  patients  in  our  intensive  care  unit  requiring 
endotracheal  intubation  during  the  time  the  nebulized  gentamicin  was  being 
used. 


After  evaluating  the  results  of  the  pilot  study,  a formal  protocol  was  initiated 
to  study  the  problem  prospectively.  Initially,  50  patients  were  to  be  randomly 
assigned  to  one  of  6 groups  (Table  1)  . However,  after  19  patients  had  been 
studied  the  prinicipal  investigator  was  separated  from  the  Army  and  prepared 
this  evaluation  of  the  therapy. 

Table  1.  Nebulized  Gentamicin  Study 
Assignment  Groups 

1 . Placebo  with  less  than  40%  BSA  burn 

2 . Nebulized  gentamicin  with  less  than  40%  BSA  burn 

3.  Placebo  with  40%  to  65%  BSA  burn 

4.  Nebulized  gentamicin  with  40%  to  65%  BSA  burn 

5.  Control  with  greater  than  65%  burn 

6.  Nebulized  gentamicin  with  greater  than  65%  BSA  burn 


I; 

!; 


Patients  were  considered  for  inclusion  in  the  study  when  a pulmonary  in- 
filtrate was  detected  on  a portable  chest  roentgenogram.  If  the  radiologist  and 
the  pulmonologist  agreed  that  the  infiltrate  was  unequivocally  a pneumonia , the 
patient  entered  the  study  protocol.  When  the  radiologist  and/or  pulmonologist 
felt  that  the  infiltrate  was  atelectasis,  intensive  pulmonary  toilet  was  instituted 
for  24  hours.  If,  at  the  end  of  24  hours,  the  infiltrate  was  still  present,  the 
patient  was  considered  to  have  pneumonia  and  entered  into  the  study  protocol. 

If  the  radiologist  and/or  pulmonologist  could  not  eliminate  pulmonary  edema  as 
causing  the  infiltrate,  all  appropriate  diagnostic  and  therapeutic  modalities  were 
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instituted  tu  determine  the  underlying  pathophysiologic  mechanism.  A gram 
stain  of  endotracheal  secretions  was  done  in  those  patients  with  possible  pul- 
monary edema.  If  the  smear  revealed  polymorphonuclear  cells  and  bacteria, 
the  patient  was  considered  to  have  pneumonia  and  entered  the  study.  When 
the  gram  stain  was  negative,  the  patient  was  reevaluated  in  24  hours.  If  at 
the  end  of  that  time  the  infiltrate  had  cleared  or  was  clearing,  the  gram  stain 
> j was  still  negative  and  the  basilar  rales  had  cleared  or  were  clearing,  the  patient 

was  considered  to  have  pulmonary  edema  and  was  not  entered  into  the  study.  c 

^ Those  patients  who  were  reevaluated  at  the  end  of  24  hours  and  found  to  have 

; no  change  in  the  pulmonary  infiltrate,  gram  stain  positive  endotracheal  secre-  l] 

h tions  and  localized  rales  were  considered  to  have  pneumonia  and  entered  into  j 

L the  study.  S 

i ' 

Control  patients  received  4 cc  of  sterile  normal  saline  while  the  other  patients  1 

; received  gentamicin  1.0  mg/kg  in  enough  sterile  normal  saline  to  make  a total  of  j 

'.  4 cc  administered  every  8 hours  via  a Bard-Parker  nebulizer . This  nebulizer  j 

in  conjunction  with  a Bird  IPPB  apparatus  was  used  for  non-intubated  patients.  j 

Intubated  patients  received  the  saline  or  gentamicin  solution  via  a Bard-Parker  | 

] nebulizer  attached  an  MA-1  respirator.  Nebulization  therapy  was  continued  1 

i : until  the  infiltrate  cleared  radiographically  or  the  patient  died.  None  of  the  j 

s personnel  actively  involved  in  the  patient's  care  knew  which  drug  was  being  | 

; used.  All  aspects  of  management,  including  parenteral  antibiotic  administration,  1 

was  the  responsibility  of  the  primary  surgeon.  The  patient,  or  next  of  kin, was  | 

' required  to  give  consent  after  a full  explanation  of  the  study  before  instituting  f 

; the  protocol  in  each  case. 

Quantitative  and  qualitative  endotracheal  secretion  cultures  were  obtained 
before  instituting  therapy  and  repeated  at  one  hour , 2 hours,  4 hours,  8 hours 
and  daily  after  the  therapy  was  started.  The  daily  sputum  specimens  were 
collected  4 hours  after  a treatment  with  nebulized  gentamicin  and  at  least  one 
hour  after  the  last  tracheal  suction.  The  predominant  organism  was  reported 
on  most  specimens. 

Serum  samples  for  gentamicin  assay  were  drawn  before  therapy  began  and 
f then  again  at  one  hour,  4 hours  and  8 hours  after  therapy  was  initiated.  Serum 

; samples  were  also  drawn  just  prior  to  a treatment  every  other  day  . Samples 

from  24  hour  urine  collections  were  submitted  every  other  day  beginning  on  the 
1 fifth  day  of  the  study. 

j In  those  patients  who  died  and  came  to  autopsy,  postmortem  lung  specimens  -j 

were  processed  as  usual.  A detailed  gross  and  microscopic  description  of  pul-  | 

monary  tissues  was  done.  Routine  postmortem  bacteriologic  studies  were  done.  j 

RESULTS  | 

i 

Pi  lot  Study . There  was  no  statistically  significant  difference  in  age  or  burn 
size  between  the  two  groups.  Pulmonary  infiltrates  seen  on  chest  roentgenograms 

were  initially  similar  in  the  two  groups.  All  patients  in  both  groups  ultimately  \ 

i died  and  autopsies  were  done  in  all  cases.  Bronchopneumonia  was  ii.->lcr!  as  a 

cause  of  death  by  the  pathologist  in  one  of  the  8 patients  (13?,)  receiving  nebulized 
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gentamicin;  whereas,  9 of  the  13  patients  (69';,)  not  receiving  nebulized  genta- 
micin died  with  pneumonia. 

Prospective  Double-blind  Study  (Tables  2,3).  Nineteen  patients  were 
randomly  assigned  to  one  of  the  two  groups;  11  were  in  the  gentamicin  group 
and  6 in  the  placebo  group. 

A.  Age  and  Burn  Size  (Table  4)  . Both  groups  are  similar  with  respect  to 
patient  age.  The  group  receiving  nebulized  gentamicin  has  5 patients  in  the 
over  65 ‘u  BSA  burn  classification,  while  the  placebo  group  has  only  one  patient 

i n that  category  . 

B.  Onset  of  Pulmonary  Infiltrate  (Table  5)  . The  gentamicin  group  had 
an  average  postburn  day  (PBD)  onset  of  bronchopneumonia  of  14;  whereas 

the  placebo  groups  average  PBD  is  23.  The  gentamicin  group  includes  6 
patients  with  definitely  diagnosed  inhalation  injury  while  the  placebo  group 
has  3.  When  PBD  onset  of  bronchopneumonia  is  related  to  the  diagnosis  of 
inhalation  injury  in  these  patients,  those  with  inhalation  injuries  on  the  average 
developed  their  bronchopneumonia  on  PBD  11  compared  with  PBD  21  for  those 
without  inhalation  injury  (Table  6)  . One  patient  who  had  an  inhalation  injury 
and  developed  a bronchopneumonia  on  PBD  40  was  excluded  from  the  figures 
in  Table  6 because  inhalation  injuries  are  healed  by  that  time  and  this  patient 
was  felt  to  have  developed  a bronchopneumonia  unrelated  to  his  inhalation 
injury . 

C.  Roentgenologic  Evidence  That  Bronchopneumonia  Had  Cleared  (Table 
7)  . Eight  of  11  patients  in  the  group  treated  w-ith  nebulized  gentamicin  cleared 
their  pulmonary  infiltrate.  Three  of  8 patients  in  the  placebo  group  had  roent- 
genologic evidence  of  clearing  of  their  pneumonic  process. 


D.  Nasotracheal  Intubation  and  Tracheostomy  (Table  8)  . In  the  gentamicin 
group,  3 patients  were  nasotracheal ly  intubated  and  3 had  a tracheostomy  at  the 
start  of  their  study  period.  By  the  time  their  pulmonary  roentgenograms  had 
cleared  one  patient  was  intubated  and  4 had  tracheostomies. 

In  the  placebo  group,  4 patients  were  nasotracheal  ly  intubated  and  2 had 
tracheostomies  at  the  start  of  their  study  period.  By  the  time  these  patients 
died  or  cleared  their  bronchopneumonia.  2 required  nasotracheal  intubation 
and  4 required  tracheostomies.  All  of  these  patients  required  assisted  ventila- 
tion because  of  their  pulmonary  parenchymal  lesion.  In  addition,  one  patient 
who  ultimately  cleared  his  pneumonia  required  nasotracheal  intubation  after 
he  was  started  in  the  placebo  therapy  group  and  was  ox  tuba  ted  prior  to  com- 
plete resolution  of  the  pneumonia.  No  patients  who  received  the  gentamicin 
therapy  required  intubation  after  t!  . herapy  began. 

E . Morphologic  Analysis  |1  side  91.  None  of  the  gentamicin  treated 
patients  died  with  bronchopneumon  s;  whereas,  2 of  5 patients  died  with  broncho 
pneumonia  while  receiving  nebuli  o-d  normal  saline.  One  patient  in  each  group 
ultimately  survived  hi-,  thermal  o.pr  y . F ive  of  the  8 placet >o  treated  patients 
lot  < died  while  in  the  study  as  r ; oniparei  I to  3 of  11  (27,  ) of  the  pat  ion  Is 


Table  2.  Nebulized  Gentamicin  Study 


Range  18-48  14-93  3-15 
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Number  ol  Patients  in  Keith  Treatment  Group 
Treatment  Group  0-39  BSA  90  69  BSA  66  100  BSA 


Gentamicin  2 9 9 

Placebo  1 6 1 


Table  5.  Nebulized  Gentamicin  Study 


Inhalation  Injury  Related  to  PBD  Onset  Pneumonia 


Gentamicin 

Placebo 

Inhalation  Injury 

PBD 

Inhalation  Injury 

PBD 

4- 

9 

0 

21 

+ 

5 

0 

24 

0 

28 

+ 

5 

0 

16 

0 

29 

+ 

12 

4- 

40 

0 

7 

0 

37 

+ 

7 

0 

17 

0 

10 

4- 

1 1 

■t- 

26 

4 

15 

0 

2 3 

Ave.  6/11 

14 

3/8 

23 

Range 

5 28 

5 40 

Table  6.  Nebulized  Gentamicin  Study 


Onset  of  Pneumoni 


a Related  to  Inhalation  Injury 


With  inhalation  injury*  (n  - 8) 

Average  11  PBD 

Range  5-28  PBD 

Without  inhalation  injury  (n  = 10) 
Average  21  PBD 

Range  7-37  PBD 


* one  patient  excluded  who  developed  bronchopneumonia  on  PBD  40 


Table  7.  Nebulized  Gentamicin  Study 
Roentgenologic  Evidence  of  Clearing 


Group 

Cleared 

Percent 

Gentamicin 

(n  = 

ID 

8 

73 

Placebo 

(n  - 

8) 

3 

38 

'i 


I 


413 


Group 

Gentamicin  (n  = 11) 
Placebo  (n  = 8) 


Start 

NT-  3 
T rach-3 

NT-  4 
T rach-2 


NT-  1 
T rach-  4 

NT-  2 
T rach-4 


* 2 patients  had  severe  adult  hyaline  membrane  disease;  1 patient  had 
severe  hematogenous  pneumonia 

**  1 patient  had  severe  adult  hyaline  membrane  disease;  1 patient  had 
severe  hematogenous  pneumonia 


receiving  nebulized  gentamicin.  The  same  pathologist,  who  was  blinded  as  to 
study  group,  examined  all  gross  and  microscopic  lung  specimens.  Broncho- 
pneumonia, atelectasis,  interstitial  infiltrates,  edema,  hemorrhage,  inhalation 
injury,  hyaline  membrane  disease,  abscesses,  infarcts  and  emboli  were  des- 
cribed, located  and  graded  as  to  severity.  Tracheitis,  bronchitis,  and  tracheal 
ulceration  were  described,  located  and  graded  as  to  severity.  Cause  of  death 
was  determined  by  his  study  of  the  clinical  record  and  autopsy  material. 

Analysis  of  all  pathologic  data  revealed  no  difference  between  the  two 
groups,  except  for  the  aforementioned  bronchopneumonia.  One  patient  in 
each  treatment  group  had  hematogenous  pneumonia  secondary  to  invasive  burn 
wound  sepsis.  Two  patients  in  the  gentamicin  group  and  one  patient  in  the 
placebo  group  had  severe  adult  hyaline  membrane  disease  (shock  lung)  with 
no  bronchopneumonia . 

F.  Bacteriologic  Analysis.  There  was  no  difference  in  the  predominant 
organisms  in  the  pretreatment  endotracheal  secretion  cultures  between  the 
two  groups.  Pseudmonas  aeruginosa,  Klebsiella,  Enterobacter  aerogenes, 
Providencia  stuartii  and  non-hemolytic  streptococcus  were  found  There  was 
no  consistent  change  in  the  number  of  bacteria  cultured  from  secretion  in 
either  group  during  the  study  period. 

No  appearance  of  resistant  organisms  was  found  in  the  patients  treated 
with  gentamicin.  Both  groups  had  similar,  but  not  consistent,  changes  in  the 
predominant  organism  grown  from  endotracheal  secretions  during  treatment. 

C.  Gentamicin  Levels.  Serum  and  urine  specimens  were  collected  at 
the  specified  intervals.  Due  to  technical  difficulties,  measurement  of  gentami- 
cin levels  have  not  yet  been  made. 

DISCUSSION 

Airborne  pneumonia  is  the  most  common  cause  of  sepsis  and  death  in  the 
severely  burned  patients  in  our  Institute.  The  precise  pathophysiology  of  this 
problem  is  incompletely  defined  and  presently  accepted  treatment  modalities 
are  inadequate . 

Throughout  this  study  all  patients  received  parenteral  antibiotics  at  the 
discretion  of  their  attending  physician.  There  was  no  difference  between  the 
two  groups  as  to  parenteral  antibiotic  administration  .All  patients  were  treated 
topically  with  silver  sulfadiazene  .The  only  apparent  discrepancy  between  the 
two  groups  is  the  day  postburn  on  whivh  they  were  diagnosed  as  having  broncho- 
pneumonia.This  variation  can  best  be  explained  by  the  increased  incidence 
of  inhalation  injury  in  the  gentamicin  treated  group.  Patients  with  inhalation 
injuries  typically  get  pneumonia  in  the  first  two  weeks  postburn;  whereas , 
those  burn  patients  who  do  not  have  inhalation  injuries  most  frequently  get 
bronchopneumonia  aftc  - the  third  week  (Table  6)  . The  bronchopneumonia 
related  to  inhalation  injuries  has  the  same  clinical  and  pathologic  characteristics 
as  that  which  is  found  in  burned  patients  who  have  not  had  an  inhalation  injury 
Therefore,  the  fact  that  there  wer<  more  patients  with  inhalation  injury  in  the 
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gentamicin  treated  group  than  in  the  placebo  group  does  not  detract  from  the 
validity  of  our  analysis. 

Thermally  injured  patients  normally  have  elevated  temperatures  and  fre- 
quently have  sepsis  from  sites  other  than  the  lung.  Therefore,  the  criterion 
used  to  define  bronchopneumonia  in  these  patients  was  a pulmonary  infiltrate 
on  a chest  roentgenogram  which  was  not  related  to  atelectasis  or  pulmonary 
edema.  Because  it  is  frequently  impossible  to  exclude  hematogenous  pneumonia 
and  always  impossible  to  exclude  adult  hyaline  membrane  disease  from  broncho- 
pneumonia by  radiographic  technics,  patients  with  these  processes  were  found 
among  the  patients  in  the  study. 

Among  those  patients  who  did  not  clear  their  pneumonic  infiltrate  one 
patient  in  each  group  (G-8,P-8)  had  severe  hematogenous  pneumonia  at  autopsy 
secondary  to  invasive  burn  wound  sepsis.  There  were  two  patients  (G-3,G-9) 
in  the  gentamicin  therapy  group  and  one  patient  (P-6)  in  the  placebo  group  who 
had  severe  adult  hyaline  membrane  disease  at  autopsy.  None  of  these  5 patients 
had  morphologic  evidence  of  bronchopneumonia. 

In  the  placebo  group  3 of  8 patients  (38%)  cleared  their  pulmonary  infiltrate. 
Among  those  patients  who  did  not  clear,  2 patients  (P-1, P-4)  definitely  died 
because  of  severe  bronchopneumonia. One  other  patient  (P-2)  may  well  have 
died  of  bronchopneumonia  as  his  pulmonary  infiltrate  never  cleared  and  clini- 
cally there  was  no  other  source  of  sepsis . No  definitive  pulmonary  diagnosis 
could  be  made  in  this  patient  as  autopsy  permission  was  denied.  One  patient 
(P-8)  died  of  invasive  burn  wound  sepsis  with  resultant  severe  hematogenous 
pneumonia.  The  fifth  patient  (P-6)  who  did  not  clear  his  pulmonary  infiltrate 
while  in  the  study  died  of  severe  adult  hyaline  membrane  disease  without  any 
evidence  of  bronchopneumonia.  Therefore,  2 of  the  5 patients  who  died  while 
in  the  study  did  so  of  bronchopneumonia  while  a third  may  well  have  died  of 
bronchopneumonia.  Only  one  patient  in  this  group  (P-7)  ultimately  survived 
his  thermal  injury  and  it  took  21  days  to  clear  his  infiltrative  process.  Two 
other  patients  (P-3, P-5)  cleared  their  pneumonic  processes  while  in  the  study 
and  one  (P-5)  died  as  a result  of  moderately  severe  bronchopneumonia  and 
severe  adult  hyaline  membrane  disease  24  days  after  being  in  the  study. 

In  the  gentamicin  group  8 of  11  patients  (73%)  cleared  their  pulmonary  in- 
filtrate. None  of  the  patients  who  failed  to  clear  their  pneumonic  process  had 
any  evidence  of  bronchopneumonia  at  autopsy.  Two  patients  (G-3,G-9)  died 
with  severe  adult  hyaline  membrane  disease  and  one  (G-8)  died  with  severe 
hematogenous  pneumonia  secondary  to  invasive  Pseudomonas  burn  wound  sepsis. 
This  group  also  had  one  patient  (G-1)  who  ultimately  survived  his  thermal 
injury.  The  remaining  7 patients  died  from  4 to  13  days  (average  9 days)  after 
clearing  their  pulmonary  infiltrate  and  had  no  evidence  of  bronchopneumonia 
at  autopsy . 

Clearing  the  pneumonic  infiltrates  took  from  3 to  13  days  (average  7 days) 
in  the  gentamicin  group  as  compared  with  3 to  31  days  (average  15  days)  in  the 
placebo  group.  If  this  trend  continues  as  more  patients  are  studied, treatment 
of  assumed  bronchopneumonia  with  nebulized  gentamicin  may  significantly 
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decrease  the  time  it  takes  bronchopneumonia  to  resolve.  In  addition,  if  the 
oberved  mortality  rate  due  to  bronchopneumonia,  zero  in  the  gentamicin  group 
and  67  to  100%  in  the  placebo  group, remains  the  same  this  adjunctive  therapeu- 
tic modality  will  be  of  definite  value  in  the  treatment  of  bronchopneumonia. 


The  finding  that  10  of  11  (91%)  of  the  patients  in  the  gentamicin  group  and 
7 of  8 (88%)  of  those  in  the  placebo  group  died  suggests  that  even  a useful  ad- 
junctive therapy  for  bronchopneumonia  in  severely  burned  patients  is  not 
enough  to  prevent  their  ultimate  death.  These  patients  continue  to  be  very 
susceptible  to  sepsis  from  other  sites,  primarily  their  open  burn  wound. 

In  this  limited  number  of  patients  there  is  no  evidence  that  suggests  a 
toxic  effect  of  the  nebulized  gentamicin.  Supporting  evidence  for  this  is  that 
there  were  no  consistent  morphologic  changes  other  than  the  absence  of  bron- 
chopneumonia in  the  gentamicin  treated  group  compared  to  those  in  the  placebo 
group.  Additional  evidence  is  that  once  the  bronchopneumonia  cleared  and  if 
the  patients  with  adult  hyaline  membrane  disease  and  hematogenous  pneumonia 
are  excluded,  most  of  the  patients  were  able  to  ventilate  without  respirator 
support. 

Since  50%  of  the  patients  in  the  gentamicin  group  had  documented  pre- 
mortem  inhalation  injuries,  and  since  they  all  cleared  their  early  onset  broncho- 
pneumonia, a prospective  study  using  nebulized  gentamicin  on  a prophylactic 
basis  should  be  considered. 

In  theory  there  should  have  been  a decrease  in  the  colony  count  of  endo- 
tracheal secretion  cultures  in  the  gentamicin  group  but  such  was  not  observed. 
Rather  than  detracting  from  the  use  of  nebulized  gentamicin  as  an  adjunctive 
therapy  in  the  treatment  of  bronchopneumonia, this  finding  reinforces  the  opinion 
that  qualitative  sputum  cultures  are  helpful  in  the  selection  of  the  antibiotic, but 
quantitative  cultures  are  not  of  great  usefulness. 

The  following  experimental  data  suggest, at  least  in  theory, the  physiologic 
rationale  for  the  therapeutic  efficacy  of  nebulized  gentamicin.  Burned,  wound 
infected  rats  have  a markedly  decreased  ability  to  clear  inhaled  bacteria  from 
their  lungs  (6)  . When  burned  rats  have  their  wounds  seeded  with  Pseudomonas 
and  are  treated  with  systemic  gentamicin  or  polymyxin  E,  they  recover  the 
ability  to  clear  bacteria  from  their  lungs  (7)  . Unburned  rats  with  chemically 
induced  acute  hemorrhagic  pulmonary  edema  are  also  unable  to  clear  bacteria 
from  their  lungs  and,  in  fact,  have  a proliferation  of  bacteria;  both  phenomena 
can  be  corrected  by  treatment  with  parenteral  tetracycline  (8)  . 


6.  Skornik  WA, Dressier  DP:  Lung  bacterial  clearance  in  the  burned  rat. 

Ann  Surg.  172: 837-843,  1970. 

7.  Dressier  DP,  Skornik  WA:  Pathophysiology  of  thermal  respiratory  injury, 
[n  Research  in  Burns,  Matter  P,  Barclay  TL,  Lunickova  Z (eds)  , 1970, p.  457-  459. 

8.  Johnson  WG,Jay  SJ , Pierce  AK:  Bacterial  growth  in  vivo.J  Clin  Invest 
53:  1320-1325, 1974. 
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l The  alveoiar  macrophage's  ability  to  kill  bacteria  is  a major  mechanism 

j ;■  of  early  resistance  to  infection  in  the  lung  (9)  . A decreased  ability  of  leuko- 

I I cytes  from  burned  patients  to  kill  bacteria  despite  normal  phagocytosis  has 

been  demonstrated  (10)  . Therefore,  gentamicin,  polymyxin  E and  tetracycline 
]].  apparently  increase  the  susceptibility  of  the  bacteria  to  the  bactericidal  action 

j of  the  alveolar  macrophages  and  thereby  prevent  the  development  or  hasten 

;!•  the  resolution  of  bronchopneumonia  in  the  face  of  decreased  host  resistance 

q to  bacterial  invasion. 

t ! 

i - ! 

1 While  there  is  no  information  in  this  study  that  explains  how  nebulized 

‘ j gentamicin  along  with  parenteral  antibiotics  helps  the  alveolar  macrophage 

:j,  clear  bronchopneumonia,  there  is  definite  evidence  that  it  does  help  clear 

i-j  bronchopneumonia  more  quickly  than  when  only  parenteral  antibiotics  are 

■ : used.  If  macrophages  can  phagocytize  bacteria  but  are  unable  to  kill  them 

i j when  host  "resistance"  is  depressed,  then  it  appears  that  nebulized  gentamicin 

M helps  kill  the  bacteria.  Theoretically,  it  seems  probable  that  a higher  level 

| of  antibiotic  on  the  epithelial  surface  of  the  airway,  the  bailiwick  of  the  alveo- 

i lar  macrophage,  acts  synergistically  with  the  macrophage  to  kill  the  topically 

invading  bacteria  permitting  earlier  resolution  of  the  bronchopneumonia. 

I CONCLUSIONS 

Seventy-three  percent  of  burn  patients  treated  with  nebulized  gentamicin 
cleared  their  pulmonary  infiltrate  and  none  of  these  patients  who  died  had  any 
i|  evidence  of  bronchopneumonia  at  autopsy.  In  contrast,  only  38"  of  the  patients 

ij  who  received  the  placebo  cleared  their  infiltrate  and  43°c  of  these  patients 

h who  died  had  severe  bronchopneumonia  at  autopsy. 

■ Nebulized  gentamicin  appears  to  be  without  significant  side  effects. 

| Nebulized  gentamicin  appears  to  be  a useful  adjunctive  therapeutic 

modality  that  requires  further  study  to  document  its  efficacy. 
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Plasminogen  fell  dramatically  three  days  postburn  in  the  infected  animals  but  remained 
normal  in  the  burned  animals.  Ant  i p 1 asmiji , but  not  an  t i act  i vator , activity  was 
extremely  elevated  in  the  infected  animals  6 days  postburn.  Crossed  immunoel ec t ro- 
phoresis  reveals  that  alpha-2  - acute  phase  globulin  levels  were  increased  100-300 
times  normal  in  the  infected  animals.  These  studies  indicate  that  fibrinolysis  was 
probably  impaired  by  burn  wound  infection  in  the  rat  and  was  closely  related  to 
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Infection  is  the  leading  cause  of  death  in  the  burned  patient.  To  study 
4 the  effects  of  uncomplicated  and  lethally -infected  burn  wounds  on  certain 

hematologic  indices,  a dorsal  scald  burn  was  administered  to  250  rats.  One 
■ . . group  was  then  infected  with  Pseudomonas  aeruginosa.  These  rats  expired 

[ within  10  days.  A burned,  uninfected,  group  survived  . Sequential  determina- 

[ ; tions  were  made  of  fibrinogen,  fibrinolysis , antiplasmins,  plasminogen  anti- 

£ , activators,  cultures,  and  autopsy  findings . 

!.  Fibrinogen  concentrations  were  higher  in  the  infected  animals  within 

2 days  postburn  and  at  day  3 (p^  0.05)  . Plasminogen  levels  fell  precipitously 

3 days  postburn  in  the  burned-infected  group.  Acid  neutralization  of  anti- 

; plasmins  was  not  entirely  effective.  Serum  from  infected  animals  markedly 

; prolonged  the  lysis  time  of  clots  in  a standard  test  system,  lowered  plasmin 

i activity  in  the  caseinolytic  assay,  and  transiently  prolonged  the  euglobulin 

f lysis  time . 

!■  , The  cause  of  these  findings  remains  unknown.  The  marked  fall  in 

! plasminogen  in  the  infected  animals  may  be  entirely  due  to  unneutralized 

> ; antiplasmin  activity  and  was  coincident  with  a decline  in  fibrin-related 

[I  antigens.  These  antiplasmins  may  exert  deleterious  effects  on  microcir- 

s culatory  dynamics  and  were  closely  linked  to  the  animals'  demise. 
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Antiplasmins 
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FIBRINOGEN-FIBRIN  DEGRADATION  PRODUCTS  IN  THE  THERMALLY 
INJURED  ANIMALS;  A MODEL  OF  THE  BURNED  SOLDIER 


Infection  remains  the  leading  cause  of  death  in  the  bruned  patient 
despite  advances  in  topical  therapy,  knowledge  of  pathogenesis,  and  newer 
antibiotics.  The  infected-burned  rat  model  has  been  a reliable  model  of  the 
severely  burned  patient,  displaying  similar  gross  and  microscopic  changes 
and  reproducible  bacteriology  (1)  . 

The  importance  of  fibrinolytic  disturbances  in  the  burned  or  burned- 
infected  animal  is  unknown  at  present.  This  study  was  designed  to  compare 
certain  fibrinolytic  measurements  in  burned  and  burned-infected  rats  in  the 
hope  that  such  information  will  permit  improved  therapy  in  patients  with 
thermal  injury. 

MATERIALS  AND  METHODS 

Animal  Infection 

Two-hundred  and  fifty  male,  Sprague-Dawley , Holtzman  strain  rats 
weighing  175-200  grams  were  anesthetized  with  pentobarbital  (0.04  mg/gm 
body  weight)  administered  intraperitoneally . A 30%,  3rd  degree,  dorsal 
scald  burn  was  administered  by  previously  described  techniques  (2)  . 

Ten  ml  of  isotonic  saline  were  administered  intraperitoneal ly  to  each  rat  as  a 
resuscitative  measure.  Animals  were  burned  in  groups  of  50  at  approximately 
one  month  intervals.  Normal,  unburned  controls  of  the  same  strain  and  weight 
range  were  treated  in  the  same  manner  to  establish  normal  values.  Within  one 
hour  postburn  each  group  of  50  rats  was  randomly  divided  into  two  subgroups. 
In  one  subgroup  the  burn  surface  was  sealed  with  one  ml  of  a broth  culture 
of  Pseudomonas  aeruginosa  containing  10  organisms  per  ml  (USAISR  strain 
8-28-3-63)  isolated  from  a patient  with  burn  wound  sepsis.  The  animals  were 
then  housed  in  individual  cages  and  offered  food  and  water  ad  libitum. 

Blood  samples  were  taken  by  cardiac  puncture  in  plastic  syringes 
during  ether  anesthesia  at  one  and  four  hour‘s,  and  one,  two,  three,  six,  and 
ten  days  postburn.  Ten  to  20  animals  from  each  subgroup  were  studied  at 
each  interval  of  sampling  from  at  least  three  animals  in  each  group.  All 
blood  Studies  were  done  on  freshly  drawn  specimens  with  the  exception  of 
fibrinogen-fibrin  related  antigens  (FR-antigen)  and  plasminogen  determina- 
tions for  which  blood  was  stored  at  4UC  and  -66  C respectively  until  analyzed. 
Serum  was  prepared  by  drawing  blood  in  separate  plastic  syringes  and  allowing 
it  to  clot  in  glass  tubes  for  two  hours  at  room  temperature.  The  tubes  were 
then  centrifuged  and  the  serum  pooled  such  that  each  sample  tested  represented 


1.  Teplitz ,C  . (1965) : Pathogenesis  of  Pseudomonas  vasculitis  and 

septic  lesions.  Archives  of  Pathology  80,  297-307. 

2 . Walker , HL,  and  Mason,  AD , Jr  . (1968) . A standard  animal  burn 
Journal  of  T rauma  8, 1049-1051 


equal  volumes  from  3-4  normals  or  rats  from  each  group  of  burned  animals. 
Pseudomonas  was  inoculated  into  such  sera  and  into  TSB  broth  in  certain 
experiments  and  tested  after  a 30  minute  or  15  hour  incubation  at  37  C.  Por- 
tions of  such  pooled  serums  were  then  added  in  the  assays  to  be  described 
using  pooled  serum  from  normal  healthy  animals  as  controls. 

Laboratory  Procedures 

Fibrinogen  levels  were  measured  by  a modified  turbidimetr ic  method 
using  9 volumes  of  blood  collected  in  1 volume  of  3.2%  (w/v)  sodium  citrate,  (3)  . 
Platelets  were  counted  in  this  blood  using  phase  microscopy.  Fr-antigen  titers 
were  measured  by  the  staphylococcal-clumping  method  of  Leavelle,  , using  2 ml 
of  whole  blood  collected  with  1.0  mg  soybean  trypsin  inhibitor  and  clotted  with 
by  neutralization  by  a modification  of  the  Remmert  and  Cohen  caseinolytic  meth- 
od using  streptokinase  as  an  activator.  Blood  was  collected  in  0.5%  (w/v) 
epsi lonaminocaproic  acid  (EACA)  in  3.2%  sodium  citrate,  1 part  per  9 parts 
blood  (5,6)  . These  assays  were  run  in  groups  of  4 (Table  I)  . Serial  thrombin 
times  were  performed  in  80  animals  by  the  method  of  Brodsky  and  Lewis  (1966) 

(7)  one  and  4 hours  postburn  and  daily  thereafter. 

Studies  of  fibrinolysis  inhibition  using  a timed  clot  lysis  technique 
were  performed  with  minor  modifications  of  the  method  of  von  Kaulla  and  the 
same  terminology  will  be  employed  (8,9)  . Antiplasmin  activity  was  assayed 
using  streptokinase-activated,  human  fibrinolysin  obtained  as  Thrombolysi, 

’ from  Merck,  Sharp  & Dohme  (Lot  1443)  . Equal  amounts  of  fibrinogen 
(333)  obtained  from  Sigma  (Fraction  1,  type  1,  72%  clottable  protein)  were 
used  in  each  clot  lysis  tube.  The  amount  of  fibrinolysin  was  doubled  to  2 . 4 mg/ml 
(final  concentration)  because  of  marked  prolongation  noted  with  the  original 


3.  Perfentjev,  IA,  Johnson,  M,  and  Clifton,  EE  . (1953) : The  determina- 
tion of  plasma  fibrinogen  by  turbidity  with  ammonium  sulfate.  Archives  of  Bio- 
chemistry and  Biophysics  47:470-480. 

4.  Leavelle,  DE,  Mertens,BF,  Bowie,  EJW,  and  Owens, CA  . (1 971 ) : Staphy- 
lococcal clumping  on  microtiter  plates:  A rapid,  simple  method  for  measuring 
fibrinogen  split  products.  American  Journal  of  Clinical  Pathology  55,452-457. 

5.  Remmert,  LF,  and  Cohen,  P ( 1 949 ) : Partial  purification  and  properties 
of  a proteolytic  enzyme  of  human  serum  . Journal  of  biological  Chemistry.  181 : 
431-448 . 

6.  Sherry,  S .,  Fletcher,  AP,  and  Alkjaersig,  N . (1959):  Studies  on  enhanced 
fibrinolytic  activity  in  man  . Journal  of  Cl  inical  Investigation  38:  810-822  . 

7.  Brodsky,  I . and  Lewis, HD  (1966):  Evaluation  of  fibrinolysis  in  hepatic 
cirrhosis,  relation  of  serial  thrombin  time  and  euglobulin  lysis  time.  American 
Journal  of  Clinical  Pathology,  45,61-69. 

8.  Von  Kaulla, KN,  and  Schultz, RL.  (1958):  Methods  for  the  evaluation 
of  human  fibrinolysis:  STudies  with  two  combined  techniques.  American  Journal 
of  Clinical  Pathology  29:  104-1  12,  1958. 
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(1  .2  mg/ml)  concentration  (9)  . Fifty  or  100  ul  of  pooled  serum  from  normal 
burned,  or  burned-infected  animals  was  added  to  the  fibrinolysin  solution 
before  clotting  with  thrombin.  Normal  saline  was  used  as  a blank  control. 
EACA  was  added  in  other  experiments.  EACA  or  serum  was  mixed  and  in- 
cubated for  one-half  hour  at  room  temperature  prior  to  clotting  in  the  anti- 
plasmin  assay.  The  clots  were  then  incubated  at  27  C and  observed  for 
complete  lysis.  The  euglobulin  lysis  time  test  was  prepared  and  tested 
within  one  hour  from  the  time  of  blood  withdrawal . Duplicate  or  triplicate 
euglobulin  tests  were  done  on  several  animals  on  each  day  in  each  group. 
Antiactivator  activity  by  the  method  of  Aoki  and  von  Kaulla,  (1969)  was 
studied  utilizing  half  volumes  (0.5  ml  plasma  + 7 . 5 ml  deionized  water) 
of  the  same  reagents.  Thrombin  (from  Parke  Davis  Co,  Bovine  origin) 
was  dissolved  in  deionized  water  instead  of  glycerol  and  used  within 
one-half  hour  of  preparation . In  later  experiments,  serum  from  normal, 
burned,  or  burned-infected  rats  was  incubated  for  3.5  hours  with  12  mM 
(final  concentration)  3,  5-diiodosalicylic  acid  (Eastman  chemicals)  and 
then  dialyzed  for  16  hours  as  in  Aoki  and  von  Kaulla  (1969)  . Such  treated 
serum  was  then  added  to  the  antiplasmin  and  antiactivator  assays. 

RESULTS 

Effects  of  Infection 


Less  than  2s  of  the  rats  died  as  a direct  result  of  burning.  There 
were  no  deaths  among  the  uninfected  burned  animals  after  the  day  of  burn- 
ing. All  burned-infected  animals  which  were  not  sacrificed  died  within 
ten  days  of  burning . Within  two  days  of  burning , the  burned-infected 
animals  developed  signs  of  illness  with  decreased  activity,  poor  feeding 
and  petechial  or  ecchymotic  lesions  of  the  eschar.  A few  of  these  animals 
bled  from  the  eschar,  most  commonly  at  the  burned-unburned  skin  junc- 
tion. Infected  animals  had  invariable  gross  findings  of  infection  includ- 
ing pulmonar  / lesions,  invasion  of  the  eschar,  and  abscess  formation  in 
the  kidneys,  peritoneal  cavity,  or  mesentery.  Burned  animals  healed 
their  eschars  within  several  weeks.  The  spleens  and  livers  in  the  two 
groups  were  similar  in  appearance.  Spleen  cultures  were  positive  for 
Pseudomonas  aeruginosa  only  in  infected  animals.  Such  cultures  occurred 
three  or  more  days  postburn.  No  apparent  relation  uetween  the  severity 
of  gross  findings  in  the  infected  animals  and  in  vitro  test  was  noted. 


Laboratory  Findinc 


Mean  fibrinogen  levels  fell  slightly  during  the  first  four  hours  post- 
burn but  rose  subsequently  to  high  levels  (Fig.  1)  . The  mean  in  the  burned- 
infected  animals  remained  higher  than  that  in  the  burned  animals  after  day 
1 and  the  levels  were  significantly  higher  three  days  postburn  (P<  0.05)  . 
FR-antigens  were  usually  elevated  as  early  as  one  hour  postburn  (Fig.  2) 
and  peak  levels  occurred  two  days  after  burning.  Platelet  counts  were 
higher  in  the  burned  animals  than  in  the  burned-infected  animals  but  at 
no  time  significantly  so.  A return  to  normal  was  delayed  in  some  way  by 
infection  (Fig.  3)  . Plasminogen  levels  in  both  groups  cf  animals  remained 


9.  AokiN.,  and  Von  Kaulla  KN  . (1969):  Inactivation  of  human  serum 
plasminogen  and  antiactivator  by  synthetic  fibrinolysis  inducers.  Thrombosis 
et  Diathesis  Haemorrhagica,  22:  251-262. 
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Figure  1.  Fibrinogen  concentration  (mg%)  in  burned  rats  with  and  without 
Pseudomonas  infection  of  the  eschar.  Results  are  expressed  with 
95%  confidence  limits  (CL)  of  the  mean  indicated. 


Figure  2.  Fibrin-fibrinogen  related  antigen  titer  in  burned  rats  with 
and  without  Pseudomonas  infection.  Results  are  expressed 
with  95%  CL  of  the  mean. 
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near  normal  for  two  days  postburn.  Such  levels  persisted  in  the  non-infected 
animals,  but  by  day  three  postburn  values  in  the  infected  rats  had  dropped  and 
by  day  6 were  markedly  lower  (Fin.  4)  than  in  the  uninfected  animals. 

When  0.05  mi  serum  (l%of  the  total  assay  volume)  from  the  infected  animals 
6 days  postburn  was  added  to  the  plasminogen  assay  of  normal  rats,  caseinolysis 
was  reduced  as  shown  in  Table  1 . This  occurrence  in  spite  of  heating  the  serum 
or  treating  the  plasma  with  1/6  N PCI  and  subsequent  neutralization  with  1/6  N 
NaOH  or  1/3  N HCI  and  neutraiizati  jn . Serum  from  normal  or  uninfected  rats 
induced  no  reduction.  Thus,  acid  neutralization  of  the  antiplasmin  activity  was 
inadequate  to  abolish  such  effects  (10)  . 

Antiplasmin  activity  rose  dramatically  six  days  postburn  in  the  infected 
animals.  Euglobulin  lysis  times  were  prolonged  in  both  groups  on  days  1 and  3 
but  even  more  markedly  six  days  postburn  in  the  infected  animals.  Antiactivator 
activity  was  increased  three  days  postburn  in  the  infected  animals  but  had 
returned  to  normal  by  six  days  postburn.  Inoculation  of  normal  serum  or  broth 
with  our  strain  of  pseudomonas  followed  by  30  minute  or  15  hour  incubations 
caused  no  increase  in  antiplasmin  or  antiactivator  activity  as  compared  with  the 
same  serum  or  broth  alone.  The  synthetic  compound,  3-5-diiodosalicylic  acid 
reduced  the  time  for  complete  clot  lysis  in  the  antiactivator  assay  from  73  to  40 
minuter  when  added  to  normal  rat  serum  and  from  290  to  42  minutes  with  the  3 
days  posiburn  infected  serum.  Serum  antiplasmin  activity  was  entirely  abolished 
in  all  specimens  tested  (normal  and  infected  rats)  with  the  same  12mM  concentra- 
tion of  the  compound . The  antiplasmin  and  antiactivator  (not  shown)  activity  of 
EAnA  was  also  eliminated  . Alpha  - acute  phase  globulin  but  no  ^ macroglo- 
bulin levels  were  markedly  elevated  six  days  postburn  in  the  infected  animals 
(Table  II)  . 

No  consistent  pattern  of  serial  thrombin  times  pnlongation  was  seen  at  any 
sampling  period  postburn  in  any  group.  The  mean  prolongation  of  the  thrombin 
time  after  a on  n.iur  incubation  at  37  was  162%  of  the  initial  value  in  the  entire 
■;roup  of  burned  ion-infected  animals  and  171%  in  the  infected  animals  (mean 
in  10  normjl  rats  was  155%)  . None  of  these  differences  was  significant. 

DISCUSSION 

Classical  Pseudomonas  burn  wound  infection  in  the  severely  burned  patient 
is  usually  a lethal  complication  (11)  . Rats,  rabbits,  guinea  pigs,  domestic  pigs, 
primates,  gerbils,  goats,  dogs,  and  mice  have  been  used  as  experimentally  burned 
models.  The  rat  was  chosen  for  this  study  because  it  is  frequently  used  as  a model 
in  experimental  studies  of  fibrinolysis. 


10  Sherry , S .,  Lindemeyer , Rl , Fletcher,  AP,  and  Alkjaersig,  N . (1959) 
btii  iu>s  on  enhanced  fibrinolytic  activity  in  man.  Journal  of  Clinical  Investi- 
. or;  38  810-822. 

'.  Curreri.PW,  Lindberg.RB,  and  Divincenti , FC,  Pruitt,  BA,  Jr  . , 

( 1 ') 70).  Inti  avenous  administration  of  carbenicillin  for  septicemia  due  to 
P -udo-uonas  aeruginosa  following  thermal  injury.  Journal  of  Infectious  Disease 
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Plasminogen  Assatys  Performed  30  Minutes  After  Various  Additions 
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Pseudomonas  must  be  specifically  seeded  onto  the  eschar  of  the  rat  to 
incite  infection  in  the  burned  tissue.  Twenty  to  thirty  percent  dorsal  burns 
alone  cause  insignificant  mortality  in  such  a rat  model  whereas  seeding  the 
same  wound  with  certaig  strains  will  cause  virtually  100%  mortality  within  a 
few  days.  Counts  of  10°  to  10^  organisms  per  gram  of  tissue  are  attained  in 
the  burn  wound  by  the  time  the  animals  expire  (1) . The  present  study  con- 
firmed these  observations  with  similar  gross  manifestations  and  death  of  the 
animal  within  ten  days. 

Hyperfibrinogenemia  is  not  unusual  after  burns  or  other  trauma  (12,13)  . 
An  unexpected  finding  was  the  greater  elevation  in  the  infected  animals.  Such 
hyperfibrinogenemia  has  been  explored  experimentally  but  its  causes  are  un- 
certain (14,15)  . Interestingly,  changes  in  FR-antigen  titers  seemed  to  pre- 
cede changes  in  fibrinogen  concentration.  Although  such  precedences  have 
not  been  published  regarding  burned  animals,  increases  in  fibrinogen  have 
been  induced  in  rabbits  by  injecting  homologous  FR-antigen  (14)  . Furthermore, 
FR-antigen  titers  are  elevated  as  soon  as  they  have  been  measured  following 
human  burns  with  tremendous  fibrinogen  elevations  24  or  more  hours  postburn 
(16)  . The  insignificant  in-vitro  fibrinolytic  activity  generated  in  each  group 
at  any  stage  postburn  as  measured  by  the  serial  thrombin  time  seems  to  relegate 
intravascular  fibrinogenolysis  to  a minor  role.  Localized  wound  fibrinolysis 
remains  as  a possible  cause  of  the  elevation  in  FR-antigen  (17, 18)  . 

Disseminated  intravascular  clotting  (DIC)  might  account  for  elevated 
FR-antigen  titers  and  be  considered  likely  in  animals  suffering  a gram  neg- 
ative infection.  However,  markedly  elevated  and  fairly  stable  fibrinogen 
levels,  little  bleeding,  insignificant  platelet  count  changes,  and  the  lack  of 
postmortem  evidence  seem  strong  evidence  against  significant  DIC.  This  is 
not  surprising  inasmuch  as  rather  extreme  conditions  are  usually  required 


12.  Campbell, DA,  Gabriel, LT,  Van  Hoek,DW.  (1950):  A study  of  the 
clotting  mechanism  in  thermal  burns.  Surgical  Forum  11,  515-518. 

13.  Yegge,J  . (1970):  Changes  in  blood  coagulation  and  fibrinolysis 
during  the  postoperative  period  . American  Journal  of  Surgery , 1 19 , 225-232  . 

14.  Bocci.V.  and  Pacini, A.  (1973).  Factors  regulating  plasma  protein 
synthesis  II  . Influences  of  fibrinogenolytic  products  on  plasma  fibrinogen  con- 
centration. Thrombosis  et  Diathesis  Haemorrhagica,  29,  63-65. 

15.  Kropatkin,ML,  andlzakG.  (1968):  Studies  of  the  hypercoagulable 
state:  the  regulation  of  fibrinogen  production  in  experimental  hyper  and  hypo 
fibr inogenemia  . Thrombosis  et  Diathesis  Haemorrhagica,  19:  547-555. 

16.  Andes,  WA  (1974).  Acute  hematologic  changes  in  the  severely 
burned  patient.  Abstract  and  Presentation,  Program,  American  Burn  Assn., 
Dal  las , T exas . 

17.  Meyers, A.  (1972):  Fibrin  split  products  in  the  severely  burned 
patient.  Archives  of  Surgery , 105,  404-407. 
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to  induce  DIC  in  the  rat.  Such  maneuvers  as  administration  of  epsi Innamino 
caproic  acid,  use  of  pregnant  animals,  or  prolonged  high  dose  endotoxin 
infusion  are  usually  employed  for  such  induction  (19,20)  . 


'T 


The  fall  in  plasminogen  that  we  observed  during  the  postburn  period 
in  the  infected  animals  has  apparently  not  been  reported  under  such  conditions 
before.  Other  investigators  have  noted  similar  changes,  but  under  other  con- 
ditions employing  staphylococcal  infection  (21)  . In  selected  experiments  it  has 
beensuggested  that  depletion  of  plasminogen  activator  or  inhibition  of  its  release 
by  humoral  factors  causes  reduced  fibrinolytic  activity  (22)  . Adsorption  of  the 
enzyme  onto  fibrin  as  it  forms  has  also  been  suggested  as  one  possible  mechanism 
of  depletion  (11)  . Diffusion  of  plasminogen  and  activator  into  thrombi  in  excess 
of  their  usual  inhibitors  probably  best  explains  effective  in-vivo  fibrinolytic 
activity  and  possible  lowered  systemic  levels  of  the  proenzyme  in  other  circum- 
stances (23)  . 

Inasmuch  as  lowered  levels  of  plasminogen  may  represent  a serious 
handicap  to  proper  remodeling  of  the  microcirculation,  studies  were  under- 
taken to  evaluate  possible  mechanisms  of  its  fall.  Decreases  due  to  excessive 
utilization  or  inhibition  seemed  the  most  likely  possibilities.  Plasminogen  fall 
and  antiplasmin  activity  without  infection  have  been  noted  by  other  investigators 
but  the  mechanisms  and  importance  of  the  active  compounds  ore  unclear.  In  the 
studies  by  Horne  et  a I (1 973)  (24) , a transient,  sma  1 1 decrease  in  J^i-  globul  in 
levels  was  noted  after  streptokinase  (a  plasminogen  activator)  or  piasmin 
(human  or  rat)  injection  implying  that  consumption  of  the  globulin  occurred  as  a 
response  to  the  formation  or  introduction  of  piasmin  in  the  rat.  Inhibition  of 
fibrin-plate  lysis  was  also  noted  in  these  studies.  Canrot  (25)  noted  that«C*acute 
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phase  globulin  was  bound  to  plasminogen  using  crossed  immunoelectrophor- 
esis  and  au  tog  radiography . That  this  ^ l - globulin  is  causing  some  of  the 
changes  in  fibrinolysis  noted  here  is  likely,  but  unproven  until  the  pure  protein 
can  be  used  in  the  assays. 

The  activity  of  slow^  and  globulins  in  the  rat  has  not  been  other- 
wise defined  to  our  knowledge  (26)  .The  tremendous  elevation  in  antiplasmin 
activity  in  this  study  may  have  been  related  to  inflammatory  processes  occurring 
in  the  infected  animals.  Such  elevations  may  be  similar  to  those  of  other,  non- 
specific, "acute  phase"  reactants  such  as  haptoglobin  or  C- reactive  protein. 
Whether  the  spectrum  of  action  noted  here  is  limited  to  antiplasmin  activity  is 
not  absolutely  clear  on  the  basis  of  these  experiments.  That  there  is  limited 
antiactivator  activity  present  seems  likely  in  view  of  the  differences  noted  in 
our  antiactivator  (transient  activity)  and  antiplasmin  (progressively  greater 
activity)  tests.  Also,  inhibition  of  proteolysis  in  the  plasminogen  assay  (employ- 
ing excess  streptokinase  as  activator  in  addition  to  any  endogenous  activator) 
when  small  amounts  of  infected  serum  are  added,  would  seem  to  more  closely 
define  the  serum  activity  as  an  antiplasmin.  The  prolongation  in  euglobulin 
lysis  time  might  not  help  differentiate  between  antiactivator  and  antiplasmin 
activity,  but  the  pattern  of  prolongation  seems  to  parallel  more  closely  the 
latter  since  marked  inhibition  of  both  clot  lysis  and  casein  proteolysis  occurred 
6 days  postburn  in  the  infected  animals. 

Thus,  marked  antiplasmin  (s)  activity  has  been  found  and  studied  in  a 
burned  rat  model  infected  with  a lethal  Pseudomonas  aeruginosa  burn  wound 
infection.  Such  antiplasmin  activity  may  account  for  inordinate  fibrin  deposits 
in  complications  involving  accelerated  or  even  physiologic  coagulation  after 
human  burns  preliminary  studies  from  this  laboratory  or  other  trauma,  deposi- 
tion of  fibrin  with  imparied  mechnaisms  for  its  removal  may  impair  microcircul- 
atory  flow.  Antiplasmins  may  affect  results  of  several  commonly  employed 
clinical  tests  such  as  the  euglobulin  lysis  time  and  plasminogen  assay  but  are 
not  commonly  studied  in  interpreting  these  tests.  The  outcome  of  other  clinical 
conditions  associated  with  infection  or  trauma,  may  also  be  influenced  by  such 
antiplasmin  activity  and  warrants  similar  investigations  as  those  described  here. 
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Ancrod  is  a thrombin  like  enzyme  derived  from  the  venom  of  the 
Malayan  pit  vipor.  This  agent  is  a potent  anticoagulant  with  few 
undesirable  side  effects.  Vlhen  Ancrod  is  administered  parenteral  ly , 
there  is  a rapid  lowering  of  plasma  fibrinogen  and  the  other  clotting 
factors  are  not  affected.  Early  investigators  reported  no  changes  in 
platelet  aggregation  following  administration  of  the  drug,  while  a 
recent  report  suggested  a transient  defect  in  platelet  aggregation 
following  defibrination  with  Ancrod.  The  purpose  of  this  study  was 
to  study  platelet  aggregation  over  a 96  hour  period  following 
def ibrinat ion  with  Ancrod  and  to  attempt  to  correlate  any  changes  in 
platelet  aggregation  with  fibrin  degradation  following  administration  of 
Anc  rod . 

Eleven  dogs  were  treated  with  an  intravenous  infusion  of  Ancrod 
and  maintained  in  a f i b r i nogenopen i c state  for  36  hours  with  supplemen- 
tary intramuscular  doses  of  Ancrod.  There  was  a dramatic  inhibition  of 
platelet  aggregation  for  48  hours  following  de f i b r i nat i on  with  a 
gradual  return  towards  normal  at  72  and  36  hours.  Inhibition  of 
aggregation  was  maximum  at  the  time  of  the  highest  fibrin  degradation 
product  levels.  These  results  suggest  that  vascular  surgical  procedures 
on  patients  defibrinated  with  Ancrod  should  be  delayed  until  after  fibrin 
degradation  product  levels  have  returned  to  a steady  state. 
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Ancrod  is  a thrombin  like  enzyme  derived  f rom  the  venom  of  the 
Malayan  pit  viper  Ancistrodon  Rhodostoma.  ’.'hen  this  substance  is 
injected  parenternlly  it  produces  a rapid  lowering  of  the  plasma 
fibrinogen  level  and  there  is  little  effect  on  the  other  coagulation 
factors.  Platelet  counts  are  similarly  unaffected.  P.eports  of  the 
in  vitro  aggregation  of  platelets  from  animals  and  man  following  de- 
fibrination with  Ancrod  have  been  conflicting.  The  purpose  of  this 
study  was  to  measure  platelet  aggregation  induced  with  adenosine  di- 
phosphate before  and  after  defibrination  with  Ancrod. 

A group  of  eleven  adult,  heart  worm  free,  mongrel  does  was  used  in 
this  study.  Blood  samples  were  drawn  by  venipuncture  of  the  jugular 
vein  using  plastic  syringes  and  immediately  citrated.  Samples  were 
drawn  prior  to  defibrination  with  Ancrod,  and  at  one,  twenty-four,  forty- 
eight,  and  ninety -six  hours  following  defibrination.  The  Ancrod  used  in 
these  studies  was  supplied  by  Dr.  Joseph  Donahoe  of  Abbott  Laboratories 
and  had  an  activity  of  100  NIH  units  per  ml.  Defibrination  was  achieved 
with  an  intravenous  infusion  of  Ancrod,  2 units  per  kilogram  of  body 
'.veight  diluted  in  250cc  of  normal  saline  and  administered  over  two  hours. 
Defibrination  was  maintained  throughout  the  ?6  hour  period  with  an  intra- 
muscular injection  of  Ancrod  1 unit  per  kilogram  given  every  2 A hours. 
Defibrination  was  monitored  with  determinations  of  fibrinogen  levels  by  a 
thrombin  clottable  protein  technique.  Fibrin  degradation  product  levels 
were  measured  on  each  blood  sample  with  a tube  dilution  modification 
of  the  Th rombowel 1 co  test.  The  platelet  aggregation  studies  were  done 
one  hour  after  venipuncture  on  a Cronolog  aggregometer  using  platelet 
rich  plasma  diluted  to  a count  of  300,000  with  platelet  poor  plasma 
derived  from  the  same  sample.  Aggregation  was  initiated  with  ADP 
added  to  achieve  a final  concentration  of  5 micromolar. 

Figure  one  shows  aggregation  patterns  from  one  dog  in  the  study 
group.  A is  the  pattern  prior  to  defibrination,  B the  pattern  at  one 
hour  after  defibrination.  C at  2k  hours  after  defibrination,  D at  k? 
hours  after  defibrination  and  E at  % hours  after  defibrination.  Tee  re 
is  profound  inhibition  of  aggregation  immediately  after  do f i b r i no t ion 
with  a gradual  return  toward  normal  over  the  96  hour  period.  Aggr-’u.it  i no 
was  quantified  by  measuring  the  slope  of  the  initial  del  lection  on  each 
cu  rve  . 

The  data  for  ill  eleven  dogs  is  tabulated  in  Figure  2.  I ' 

Figure  2 the  Y axis  i s the  slope  i f the  initial  deflection  ana  ;h,_  ' 

axis  is  time.  The  dots  are  the  values  for  each  Jog  at  a point  in  t i ■ v . 
The  open  circles  ire  ib,  mean  for  the  croup  at  . act'  point  in  t : 'o.  f : 
the  entire  t«r  >up , is  for  the  individual  clog  in  Figure  I.  thee-  i , as- 
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Figure  2.  Platelet  aggregation  of  the  study  group  following  def i b r i na t i on 
with  Ancrod.  The  vertical  axis  is  the  slope  of  the  initial  deflection  of 
the  aggregation  curve.  The  horizontal  axis  is  tine  after  infusion.  The 
cross  hatched  rectangle  indicates  the  initial  infusion.  The  darkened 
squares  indicate  the  supplemental  injections.  The  open  circles  are  the 
means  for  the  group  at  each  point. 
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Figure  3-  Fibrin  degradation  product  levels  foltowino  defibrination  v.  i i b 
Ancrod  expressed  in  micrograms  per  milliliter. 


When  the  data  front  Figure  2 is  submitted  to  a Scheffe  Test  for 
multiple  contrast  we  can  soy  with  95  confidence  that  A D,E,  >‘B,C, 
but  that  there  is  not  a significant  difference  between  D and  E or  B and 
C.  Further,  vie  can  say  wi  th  99-'  confidence  that  A > B,C.  Thus,  we 
can  say  that  the  differences  in  aggregation  between  the  pre -de f i b r i nat i on 
value  and  the  values  for  I and  24  hours  after  aggregation  are  real  as  is 
the  return  toward  normal  aggregation  shown  by  the  group  at  48  and  96 
hours.  Further  there  is  still  a real  difference  between  aggregation  at 
96  hours  and  the  pre-infusion  value. 

Figure  3 shows  fibrin  degradation  product  levels  after  administra- 
tion of  Ancrod.  Open  circles  indicate  the  means  of  the  group  at  each 
point  in  time  and  are  expressed  in  mi crol i lers  per  milliliter.  As 
expected  there  is  a dramatic  rise  in  the  FDP  level  following  the  initial 
Ancrod  in'usion  with  a fall  over  the  96  hours  despite  tile  subsequent 
administration  of  Ancrod.  When  fibrinogen  levels  '..'ere  measured  by  the 
Thrombin  clottable  protein  technique  on  each  sample,  there  was  no 
measurable  fibrinogen  at  any  time  following  defibrination.  There  appears 
to  be  a negative  correlation  between  platelet  aggregation  and  fibrin 
degradation  product  level  but  the  results  aw a i t statistical  testing. 

SUMMARY 

There  is  a significant  inhibition  of  platelet  aggregation  following 
defibrination  with  Ancrod.  The  decrease  is  most  pronounced  for  at  least 
48  hours  following  de f i bi i na t i on . Platelet  aggregation  returns  to  normal 
but  is  still  significantly  inhibited  ?6  hours  after  defibrination.  There 
is  a negative  correlation  between  platelet  aggregation  and  fibrin  de- 
gradation product  level. 
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23.  (U)  Ancrod  is  a thrombin  like  enzyme  derived  from  the  venom  of  the  Malayan  pit 
viper.  It  is  a very  potent  anticoagulant  with  few  undesirable  side  effects.  Vein 
recons  true t ions fol 1 owi ng  the  penetrating  or  crush  injuries  which  occur  frequently 

in  modern  warfare  have  not  been  possible  with  conventional  anticoagulants.  With  Ancrod 
it  may  be  possible  to  perform  vascular  reconstruction  in  cases  which  were  previously 
regarded  as  inoperable.  The  purpose  of  this  study  is  to  develop  a vascular  surgical 
model  which  is  highly  predisposed  to  thrombosis  and  to  utilize  this  model  in  the 
study  of  Ancrod  as  a surgical  anticoagulant. 

24.  (u)  The  femoral  vein  was  surgically  exposed  bilaterally  in  a group  of  six  adult 
Mongrel  dogs.  The  vein  was  then  cut  transversely  and  reanastomosed.  Venograms  were 
performed  at  two  and  four  weeks  post  operatively. 

25.  (U)  75  01  - 75  06  Most  of  the  vein  anastomoses  remained  patent  at  two  weeks  post 

operatively.  Veins  which  were  thrombosed  at  two  weeks  had  recanalized  and  were  patent 
by  four  weeks  pos topera t i ve ly . The  dog  is  thus  not  an  adequate  model  for  these 
studies.  It  may  be  necessary  to  continue  this  work  in  primates. 
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Ancrod  is  a thrombin  like  enzyne  derived  from  the  venom  of  the 
Malayan  pit  vipor.  This  agent  is  a very  potent  anticoagulant  with  few 
undesirable  side  effects.  It  is  possible  this  anticoagulant  could  be 
used  as  an  adjunct  in  vascular  surgical  procedures  'which  are  predisposed 
to  thrombosis.  The  purpose  of  this  study  is  to  develop  a model  vascular 
surgical  procedure  which  is  highly  predisposed  to  thrombosis  and  to  use 
this  model  in  the  study  of  Ancrod  as  a surgical  anticoagulant. 

Femoral  vein  anastomoses  were  performed  bilaterally  on  si,”,  adult 
mongrel  dogs  who  were  not  ant i coacul o ted . Follow  up  venograms  at  two 
and  four  weeks  pos tope  rat i ve 1 y , revealed  a high  rate  of  patency  of  the 
anastomosis.  Veins  v/h  i ch  had  clotted  at  two  weeks  pos  tope  rat  i vc  1 y , were 
found  to  have  recarialized  by  four  weeks  pos  toperat  i ve  1 y . The  dog  is  thus 
not  an  adequate  model  for  these  studies.  It  may  be  necessary  to  use 
f primates  to  continue  this  work. 
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23.  (U)  To  evaluate  the  efficacy  of  enzymatic  debridanent  of  burned  hands  with  an 
assessment  of  grafting,  early  active  motion,  and  final  functional  results  in  soldiers 
with  thermal  injury. 

24.  (U)  Comparable  hand  bums,  seen  within  the  first  72  hours,  will  be  treated  with 
b.i.d.  dressing  changes  and  an  active  range  of  motion  program  with  the  dressing  kept 
continually  moist  with  saline.  The  enzyme -treated  hands  will  be  covered  b.i.d.  with 
Travase.  The  nonenzyme- treated  hands  will  be  covered  with  either  the  base  of  the 
Travase  minus  the  enzyme  or  saline  soaks.  No  topical  chanotherapy  will  be  used.  The 
wound  will  be  monitored  for  bum  wound  sepsis  with  both  biopsy  and  surface  culture. 

Any  evidence  of  deterioration  of  the  wound  will  result  in  cessation  of  enzymatic 
debridement  and  application  of  a chemotherapeutic  agent. 

25.  (U)  74  07  - 74  10  All  burned  hands  studied  in  Travase  resulted  in  rapid 
dissolution  of  the  surface  of  the  eschar  resulting  in  a soft  wet  wound  allowing  earlier 
range  of  motion  but  most  inportantly  not  resulting  in  a graf table  base  any  sooner  than 
the  saline  soaked  hands.  The  results  of  this  study  suggest  that  although  the  eschar 
starts  separating  earlier  with  enzymatic  debridanent  a graf table  base  is  not  achieved 
any  earlier  and  perhaps  the  only  role  of  enzymatic  debridanent  is  to  soften  the  eschar 
which  may  result  in  the  need  for  less  escharotomies  and  allow  for  retention  of  more 
phalanges  in  severely  burned  hands.  This  will  await  further  investigation. 
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The  goal  of  this  protocol  was  to  evaluate  the  efficacy  of  early 
enzymatic  debridement  of  burned  hands  as  far  as  early  grafting,  earlier 
motion  and  final  function.  Six  patients  were  studied  and  in  each  it  v?as 
found  that  on  the  hand  treated  with  Travase,  the  enzyme  to  be  evaluated, 
rapid  dissolution  of  the  eschar  occurred.  However  the  enzyme  failed  to 
yield  a graftable  wound  base  any  more  rapidly  than  the  saline  soaked  hand. 
The  hands  treated  with  enzymes  did  not  soften  appreciably  .ore  than  the 
saline  soaked  hands  and  both  saline  soaked  and  enzyme  treated  hands 
softened  more  rapidly  than  hands  treated  without  soaks.  The  rapid  dis- 
solution of  the  eschar  per  se  with  enzymes  can  be  considered  of  little 
clinical  value  since  its  failure  to  yield  a graftable  base  either 
because  of  necrotic  fat,  which  is  not  debrided  by  the  proteolytic  enzyme, 
or  slimy  deep  dermis  which  resists  enzymatic  activity,  makes  it  inappli- 
cable as  a therapeutic  modality  for  burned  hands. 

The  only  possible  application  that  can  be  seen  for  Travase  in  the 
burned  hand  is  to  soften  the  eschar  rapidly  which  perhaps  -would  substi- 
tute for  digital  escharotomies  in  terms  of  phalangeal  survival.  It  can 
be  stated  unequivocally  that  in  this  study  enzymatic  debridement  did  not 
lead  to  more  rapid  grafting  nor  better  early  motion.  Its  evaluation  as 
a replacement  for  digital  escharotomies  would  require  another  study 
wh i ch  is  not  anticipated  at  this  time.  This  protocol  is  therefore 
terminated  as  we  have  been  unable  to  discern  any  real  benefit  from 
enzymatic  debridement  of  burned  hands  no  matter  what  the  depth  of  the 
bu rn  . 
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23.  (U)  To  compare  silver  sulfadiazine  with  Sulfamylon  in  six  groups  of 

burned  soldiers  two  groups  by  age  16  to  40,  and  greater  than  40,  and  three  by  burn  - 
size  30  to  50  per  cent,  to  70  per  cent,  and  greater  than  70  per  cent.  The  parameters 
to  be  evaluated  are  survival,  acid  base  balance,  pain  of  application,  bacteriology  of 
the  burn  wound,  pulmonary  function,  and  clinical  status  of  the  injured  troops. 

24.  (U)  Burns  greater  than  30  per  cent,  seen  within  the  first  72  hours,  will  be 
randomized  by  pairs  in  the  aforemen t ioned  groups  and  placed  in  one  of  the  two  agents. 

The  pulmonary  functions,  acid  base  balance,  and  wound  bacteriology  will  then  be 
followed  meticulously  until  the  eschar  is  entirely  separated  or  until  the  patient  has 
expi red. 

25.  (U)  74  07  - 75  06  Through  June  1974,  80  patients  were  studied  in  the  comparison 

study.  At  that  time  it  seemed  that  the  patients  in  silver  sulfadiazine  were  doing 
better.  Sulfamylon  was  discontinued  and  only  silver  sulfadiazine  was  used  from  June 
until  October  at  which  time  104  patients  with  burns  greater  than  307  had  been  studied 
with  a LA  50  on  the  probit  of  64.57  compared  to  a historical  probit  of  the  last  5 years 
of  Sulfamylon  with  an  LA  50,  age  15  to  40  of  approximately  507.  Since  that  time, 
silver  sulfadiazine  has  been  used  as  an  initial  agent  with  Sulfamylon  held  in  reserve 
for  wound  complications  and  used  as  soaks.  Further  evaluation  of  the  burn  wound  in 
silver  sulfadiazine  treated  patients  is  continuing  with  thought  towards  a protocol 
using  no  topical  agent  to  compare  with  silver  sulfadiazine. 
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Through  June  1 9 7 ^ 80  patients  had  been  studied  in  the  comparison 
group  and  it  appeared  that  the  silver  sulfadiazine  patients  fared 
better  both  by  gross  survival,  fewer  early  pulmonary  complications, 
less  pain  on  application  a.iJ  a better  state  of  well  being  in  the  early 
post  burn  period.  It  was  elected  at  that  time  to  discontinue  the  use 
of  Sulfamylon  and  use  only  silver  sulfadiazine  as  the  initial  topical 
wound  care  agent.  This  was  done  from  June  through  October  of  137**.  I n 
November  three  patients  were  treated  with  Sulfamylon  burn  cream  as  their 
initial  topical  agent.  The  agent  required  removal  from  two  of  these 
p'atients  because  of  hyperventilation,  they  were  then  placed  in  Silvadene 
and  were  eventual  survivors.  The  other  patient  expired  while  receiving 
a combination  of  Sulfamylon  burn  cream  and  Sulfamylon  soaks  to  excised 
areas.  Subsequent  statistical  comparison  revealed  an  LA50  with  silver 
sulfadiazine  in  the  15  to  40  age  group  of  64/  and  using  Sulfamylon  of 
less  than  50%.  Use  of  Sulfamylon  burn  cream  as  the  initial  agent  was 
( again  discontinued  and  that  agent  has  since  been  used  only  for  the  treat- 

ment of  wound  complications  and  in  the  form  of  soaks  for  debridement  or 
protection  of  mesh  graft. 

In  May  1975,  after  using  Silvadene  .is  the  initial  topical  agent  since 
November  1974,  it  appeared  as  if  the  mean  time  of  death  was  decreasing. 

It  was  elected  to  subject  all  patients  treated  ; : h silver  su I i ad i a/ i nc 
to  statistical  analysis  in  order  to  disco rn  anv  change  in  the  pat toin  of 


survival.  For  this  purpose  all  si!'..  " su  I fad  i az  i ne  treated  patients  were 
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November  197^  to  the  present  where  again  silver  sulfadiazine  was  the  only 
initial  agent  and  there  appeared  to  be  a decrease  in  the  neon  time  to 
death.  Statistical  analysis  of  all  three  groups  revealed  that  the  LA50 
in  the  15  to  40  age  group  had  remained  the  same  and  that  all  three 
groups  were  essentially  identical  with  no  difference  in  survival. 

The  basic  tenets  outlined  in  the  last  annual  report  continue  to  be 
true.  The  overall  survival  is  better  in  the  silver  sulfadiazine  treated 
patients.  The  early  pulmonary  complications  appear  to  be  less  frequent 
in  silver  sulfadiazine  treated  patients  and  easier  to  manage.  There  is 
no  pain  with  the  application  of  silver  sulfadizine.  The  general  well 
being  of  the  patients  judged  by  time  of  removal  of  the  nasogastric  tube, 
tolerance  of  a regular  diet,  ability  to  ambulate,  and  orientation  all 
continue  to  be  better  in  the  silver  sulfadiazine  treated  patients.  There 
is  again  no  doubt  that  Sulfamylon  controls  the  gram  negative  organisms  in 
the  wound  better  than  silver  sulfadiazine.  It  has  in  fact,  during  the 
last  period  of  examination,  been  used  in  macerated  wounds,  in  wounds  that 
appear  to  be  degene  rat i ng , and  in  patients  with  positive  blood  cultures 
and  normal  appearing  wounds.  In  several  of  these  cases,  the  clinical 
course  has  been  reversed  by  Sulfamylon.  Blood  cultures  have  reverted  to 
negative,  however  this  is  also  related  to  antibiotic  manipulation  and 
varied  wound  management,  such  as  mesh  beds  for  the  drying  of  macerated 
wounds,  tangential  excision  for  removing  of  eschar,  and  subeschar  infus- 
ion. In  the  majority  of  cases  the  patients  developed  a respiratory  and 
cerebral  intolerance  to  Sulfamylon  requiring  its  removal.  In  those 
patients  salvaged  by  these  various  maneuvers  and  developing  an  intolerance 
to  Sulfamylon,  there  cannot  be  any  thought  that  sepsis  was  the  intervening 
cause  of  the  cerebral  and  pulmonary  problems,  because  sepsis  was  not 
further  documented  and  the  patient  survived. 

At  present  silver  sulfadiazine  burn  cream  is  used  as  the  initial 
primary  agent  at  this  unit  with  use  of  Sulfamylon  burn  cream  reserved 
for  the  special  indications  noted  above.  Extensive  use  of  Sulfamylon  in 
the  form  of  soaks  later  in  the  post-burn  course  and  following  separation 
of  the  bulk  of  the  eschar  have  yielded  excellent  results  with  almost  no 
toxi  c i ty  . 


Topical  therapy 
Burn  injury 
Sulfamylon  (mafenide) 

Silvadene  (silver  sulfadiazine) 
Humans 


^52 


RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


».  DATE  P«V  SuwfWV 

75  07  01 


0 NO  cooes.*  PROGRAM  CL.  EMCn  T I PROJECT  NUMBER 


62110A  3A162110A821 


RETORT  CONTROL  SYMBOL 

1>D 


WORK  UNIT  NUMBER 


SCIENTIFIC  AMO  TECHNOLOGICAL  AREAS* 

003500  Clinical  Medicine 


a DATes/er*tcTive: 


RESOURCES  ESTIMATE 


PERFORMANCE  METHOD 


C.  In-House 


FOREIGN  INTELLIGENCE  NOT  CONSIDERED 


U)  Plasma 


TECHNIC  %L  OBJECTIVE.*  J4  AHI»NOACH.  IS.  PROGRESS  (RumlMl  Ind/rlA^  I lOmitt.d  +,  n«M>» mt  *•»»  e I MCA  -»•*  fealty  C'MMlflCMlfan  C*<**  J 

23.  (U)  Evaluation  of  the  in  vivo  effect  of  fresh-frozen  plasma  on  leukocyte  cheno- 
taxis  in  thermally  injured  military  personnel. 

24.  (U)  Patients  with  bums  over  557»  of  the  total  body  surface  are  divided  on 
admission  into  two  groups.  One  receives  the  routine  resuscitation,  the  other  receives 
fresh-frozen  plasma  on  colloid  during  their  resuscitation.  The  functional  chanotactic 
index  is  determined  serially  in  these  patients  according  to  the  Warden  modification  of 
the  Boyden  technique  namely  the  ability  of  leukocytes  to  migrate  through  nucleopore 
filter  toward  a ccrnplanent  dependent  chanotactic  agent,  CASEN-SERLM.  Other  patients 
who  have  a low  chemotactic  index  but  who  had  received  no  fresh-frozen  plasma  prior  to 
determination,  are  treated  with  three  units  of  fresh-frozen  plasma  per  day  and  the 
functional  chanotactic  index  determined  during  the  period  of  treatment  with 
fresh-frozen  plasms. 

25.  (U)  74  07  - 75  06  Nine  patients  were  divided  into  two  groups . The  first  received 
no  fresh-frozen  plasma  in  their  resuscitation,  the  second  received  fresh-frozen  plasma. 
The  small  size  of  the  groups  prevented  the  results  fran  being  statistically  significant. 
The  results  in  the  patients  who  first  were  shown  to  have  a lew  functional  chanotactic 
index  and  subsequently  were  treated  with  fresh-frozen  plasma  indicated  that  fresh- 
frozen  plasma  could  in  vivo  increase  the  functional  chemotactic  index  (mean  FC1  pre- 
treatment  37.7  plus /minus  4.2;  mean  FC1  post- treatment  56  plus /minus  4.6,  (p  less  than 
.01).  Impairment  of  chemotaxis  in  direct  relation  to  bum  size  was  confirmed  as  was 
the  relation  of  chanotactic  suppression  to  subsequent  septic  complications. 
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It  has  previously  been  reporteJ  that  leukocytes  from  burn  patients 
showed  decreased  chemotaxis  and  thaL  after  72  hours  post  burn  impairment 
of  leukocyte  chemotaxis  is  directly  correlated  with  the  clinical  status 
of  the  patient  and  is  highly  predictive  for  ultimate  mortality.  Further- 
more, it  has  shown  previously  that  in  vitro  normal  serum  can  restore 

chemotaxis  to  normal  in  the  suppressed  granulocytes  from  burn  patients. 
This  study  assesses  the  in  vivo  effect  of  fresh  frozen  plasma  on  the 
functional  chenotocric  index  ol  thermally  injured  patients. 

Nine  patients  with  burn  greater  than  53a  of  the  total  body  surface 
■were  divided  on  admission  into  two  groups.  Four  of  the  patients  received 
a routine  resuscitation  with  plasman«.te  as  colloid.  The  other  five 
nuio-nts  received  some  fresh-frozen  plasma  during  their  resuscitation  . 
Sulsequ t I y , serial  functional  chenotact  ic  indices  were  date  mined.  Tne 
size  ..f  tne  tedy  c,r  at  this  time  precludes  statistical  1 .1..  ! n 
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EVALUATION  OF  THE  EFFECT  OF  FRFSH-FROZEN  PLASMA 
ON  LEUKOCYTE  CHEMOTAXIS  IN  BURNED  SOLDIERS 


§ Warden  et  al  have  reported  that  burn  patients  show  decreased  leuko- 

['  cyte  chemotaxis  and  that  at  72  hours  suppression  of  leukoctye  chemotaxis 

is  directly  correlated  with  the  clinical  status  of  the  patient  and  is 
highly  predictive  for  ultimate  mortality.  In  addition.  Warden  et  al  have 
■ demonstrated  in  vitro  that  normal  serum  can  restore  chemotaxis  to  normal 

L in  the  suppressed  granulocytes  from  burn  patients.  Furthermore,  Warden 

' demonstrated  that  the  serum  factor  responsible  for  the  restoration  was 

inactivated  by  an  exposure  to  a temperature  of  56°C  for  20  minutes. * >2 

Patients  with  extensive  thermal  burns  at  the  USA  ISR  routinely 
receive  large  volumes  of  plasmanate  on  the  2nd  and  occasionally  the  3rd 
post  burn  day.  Since  10  hours  of  heating  at  60°C  are  required  to  manu- 
facture plasmanate,  this  colloid  should  contain  little  of  the  serum 
factor  which  restores  chemotaxis.  In  this  study,  we  substituted  fresh 
frozen  plasma  for  plasmanate  in  a series  of  large  burns  and  compared  the 
leukocyte  chemotaxis  in  those  patients  to  the  leukocyte  chemotaxis  in  a 
paired  series  of  burn  patients  who  received  standard  therapy  with  plas- 
manate. In  a subsequent  series  of  patients  we  established  that  the 
patient  had  decreased  leukocyte  chemotaxis  in  the  period  72  hours  post 
burning  and  then  treated  the  patient  with  three  units  of  fresh-frozen 
plasma  per  day  and  serially  followed  the  leukocyte  chemotaxis  in  order 
to  detect  any  possible  changes  that  the  Fresh-frozen  plasma  might  produce. 

MATERIALS  AND  METHODS 

Evaluation  of  In  Vitro  Effect  of  Fresh-frozen  Plasma  and  Plasmanate  on 
Leukocyte  Chemotaxis 

Evaluation  of  the  leukocyte  chemotaxis  was  carried  out  according  to 
the  method  of  Boyden  as  modified  by  Warden  et  alJ  After  separation  of 
the  leukocyte  rich  supernatant,  2 ml  of  the  supernatant  was  incubated  in 
f a 1:1  ratio  with  either  fresh-frozen  plasma  from  an  AB  donor  or  with 

plasmanate  at  37°  for  20  minutes.  After  dilution  with  Hank's  solution 
2 ml  of  the  mixture,  containing  approximately  4 x 10^  cells  were  placed 
in  the  upper  compartment  of  the  chemotactic  chamber  for  evaluation  of 
leukocyte  chemotaxis.  Each  sample  of  blood  from  a burn  patient  was 
i divided  into  three  aliquots.  One  was  treated  with  fresh-frozen  plasma, 

[the  second  with  plasmanate  and  the  third  was  incubated  with  Hanks  solu- 
tion. 


1.  Warden  GD  , Mason  AD  Jr.,  Pruitt  BA  Jr.:  Suppression  of  Leukocyte 
Chemotaxis  in  vitro  by  chemotherapeutic  agents  u^ed  in  the  management 
of  thermal  injuries.  Ann  Surg  1 8 1 : 36  3 ~ 3^9  > 1975. 

2.  Warden  GD , Mason  AD  Jr.,  Pruitt  BA  Jr.:  Evaluation  of  leukocyte 
chemotaxis  in  vitro  in  thermally  injured  patients.  J of  Clin  Invest 
54:1001-1004,  1974. 
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Evaluation  of  the  In  Vivo  Effect  of  Fresh-Frozen  Plasma  on  Leukocyte 
Chemotaxi s 


i 


The  patients  with  burn  wounds  greater  than  55&  of  their  total  body 
surface  who  were  admitted  to  the  I SR  within  the  first  2k  hours  after 
thermal  injury  were  randomly  divided  into  two  groups.  One  group  received 
the  standard  resuscitation  which  included  plasmanate  as  the  colloid  and 
the  second  group  received  some  fresh-frozen  plasma  during  their  resusci- 
tation. Initially  it  was  desired  that  the  second  group  would  receive 
fresh-frozen  plasma  as  the  only  colloid  during  their  resuscitation  but 
in  practice  this  proved  to  be  impossible.  Blood  samples  were  drawn 
serially  during  these  patients'  hospital  courses  and  the  chemotactic 
index  was  determined  according  to  the  method  of  Warden  et  al  with  the 
only  alterations  being  that  each  determination  was  performed  in  tripl  icate 
and  that  the  physician  doing  the  assay  was  blinded  as  to  the  size  and 
nature  of  the  burn  which  was  associated  with  a given  blood  sample.  This 
blinding  was  done  by  sending  the  physician  multiple  samples  of  blood  from 
both  patients  on  this  study  and  from  burn  patients  who  for  various 
reasons  did  not  fit  into  this  study.  These  blood  samples  were  numbered 
but  were  not  identified  with  a patients  name.  This  greater  number  of 
patient  determinations  were  done  in  order  to  see  if  previous  findings 
were  reproducible. 

Evaluation  In  Vivo  of  the  Effect  of  Fresh-Frozen  Plasma  on  Leukocyte 
Chemotaxis  in  Patients  who  Previously  have  been  shown  to  have  Decreased 
Chemotaxi s 


One  group  of  patients  received  approximately  3 units  of  fresh-frozen 
plasma  per  day  after  they  were  shown  to  have  decreased  leukocyte  chemo- 
taxis. Subsequently  chemotactic  function  was  studied  serially.  This 
group  of  patients  was  compared  to  a group  of  patients  who  had  serial 
determinations  of  the  chemotactic  index  and  who  received  no  fresh-frozen 
plasma. 

RESULTS 

I n Vitro  Effect  of  Fresh-Frozen  Plasma  and  Plasmanate  on  Leukocyte 
Chemotaxi s 


Four  blood  samples  from  thermally  injured  pat 
The  results  are  shown  in  table  I.  These  confirmed 
earlier  studies  showing  that  the  factor  present  in 
present  in  fresh-frozen  plasma  and  that  plasmanate 
factor . 


ents  were  studied, 
what  we  expected  from 
fresh  serum  is  also 
appeared  to  lack  the 


Comparison  of  the  present  study  to  an  earlier  study 


Table  2 shows  a comparison  of 
index  obtained  in  earlier  study  to 
present  study.  It  should  be  noted 
subject  was  used  for  all  the  contro 


the  control 
the  control 
that  in  the 
1 values. 


values  of  the  chemotactic 
values  obtained  in  the 
present  study  the  same 
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Table  1 


IN  VITRO  EFFECT  OF  FRESH  FROZEN  PLASMA  AND  PLASMANATE  ON 
LEUKOCYTE  CHEMOTAXIS  OF  THERMALLY  INJURED  PATIENTS 


PATIENT 

BASELINE 

INCUBATED  WITH 
FRESH  FROZEN  PLASMA 

INCUBATED 

PLASMANATE 

S 

38.4 

323.3 

37.9 

T 

14.0 

152.9 

46.3 

M 

80.5 

143-6 

62.5 

H 

45.9 

68.6 

50.4 

Table  2 

CONTROL  VALUES 


WARDEN'S  STUDY 
44  NORMAL  VOLUNTEERS 

PRESENT  STUDY 
1 SUBJECT  31  TIMES 

MEAN  C.  1 . 

764.4 

966.6 

95%  CON.  LIMITS 

750-780 

933  - 1000 

“Warden  GD , Mason  AD, 

Jr. , Prui tt , BA,  Jr.  J. 

Clin.  1 nves . 54:1001, 

1974 
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Table  3 shows  a comparison  of  the  functional  chemotactic  indices 
after  72  hours  post  burn.  It  should  be  noted  that  the  present  study 
supports  the  contention  that  the  survivors  have  a higher  functional 
chemotactic  index  than  the  nonsurvivors.  Some  notable  differences  from 
the  earl ier  study  were  present.  Earlier  results  sharply  divided  the 
survivors  from  the  nonsurvivors  on  the  basis  of  chemotactic  index.  The 
present  study  shows  that  the  mean  functional  chemotactic  index  is 
significantly  higher  for  the  survivors  than  for  the  nonsurvivors  but  that 
individual  survivors  are  not  distinctly  and  predictably  separated  from 
the  nonsurvivors  by  the  functional  chemotactic  index.  In  other  words 
there  is  an  overlap  of  values.  Furthermore  the  two  studies  differ  in 
that  the  mean  burn  sizes  for  both  nonsurvivors  and  the  survivors  are 
larger  in  the  present  study. 


Effect  of  Fresh-Frozen  Plasma  on  the  Functional  Chemotactic  Index  in 


Nine  patients  were  divided  into  two  groups  as  shown  in  Table  4.  Four 
patients  received  no  fresh-frozen  plasma  during  their  resuscitation  and 
five  patients  received  varying  amounts  of  fresh-frozen  plasma  during  their 
resuscitation.  The  number  of  units  of  fresh-frozen  plasma  which  the 
treated  group  received  during  the  first  week  post  burn  and  the  mean  of 
the  functional  chemotactic  indices  during  the  first  post  burn  week  are 
also  shown  in  Table  4.  This  data  is  interesting  and  possible  suggestive 
but  the  small  number  of  patients  makes  statistical  assay  unwarranted, 
i he  group  that  received  no  fresh-frozen  plasma  had  lower  functional 
chemotactic  indices  than  the  treated  group  but  this  is  partially  explained 
by  the  fact  that  the  mean  burn  size  of  the  group  that  did  not  get  fresh- 
frozen  plasma  was  slightly  larger  than  the  mean  for  the  group  that  did. 

The  In  Vivo  Effect  of  Fresh-Frozen  Plasma  on  the  Functional  Chemotactic 
Index  in  patients  who  have  been  demonstrated  to  have  a low  functional 
Chemotactic  Index 

Twelve  patients  were  demonstrated  to  have  a low  functional  chemotac- 
tic index  and  were  subsequently  given  three  units  of  fresh  frozen  plasma 
per  day  with  serial  functional  chemotactic  indices  determined  during  the 
period  of  therapy.  Table  5 shows  the  results  of  these  determinat ions  and 
shows  the  mean  of  the  functional  chemotactic  indices  which  were  determined 
after  therapy  with  fresh-frozen  plasma  had  begun.  The  first  three  patients 
on  table  5 were  studied  late  in  their  burn  course.  Patient  4 was  first 
studied  nine  days  post  burn.  The  other  patients  were  first  studied  on 
the i r 4th  post  burn  day.  The  functional  chemotactic  indices  after  treat- 
merit  had  begun  were  significantly  dilferent  than  the  pre-t reatment 
chemotactic  indices. 

A further  compari  ,on  was  made  ;ith  this  Jata  in  order  to  study  what 
! i f i e i one  e . i v might  make  in  a’  'ling  the  chemotactic  index  of  a group 
<>t  ; wients  who  were  not  tiewird  with  fresh  frozen  plasma.  This  was 
-!■•  : i ■ c; 1 ing  thi.-e  pal  i ei  . : > out  : he  prove  i>  - l ud>  who  had  re- 

f iM.-t  •,  lasp’-.i  .*>•.. I who  Pad  a series  ol  chemotactic  indices 
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Table  4 


PATIENT 

A 

B 

C 

0 


EFFECT  OF  FFP  ON  FC I IN  BURNS  GREATER  THAN  55%  TBS 

BURN  SIZE  tf  UNIT  FFP  IN  1ST  WEEK  MEAN  FC  I 

0 53-6% 

0 34.9% 

0 17.8% 

0 23.6% 


66% 

72% 


^ O O/ 

CO'G 


75% 


MEAN 


74% 


MEAN 


32.3% 


58% 

79% 

75% 

60% 

67% 
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3 

2 


85-0% 
33.1% 
47.0 
?9 . 1 % 
60.2. 


MEAN 


67.8% 


MEAN 
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FUNCTIONAL  CHEMOTACTIC  INDICES  IN  PATIENTS  TREATED  WITH  THREE  UNITS  OF  FRESH  FROZEN  PLASMA  PER  DAY 


ME  A 


P'.aska  cn  thl  function  . .hemotactic 


done.  The  functional  chemotactic  index  which  was  compared  to  the  pre- 
treatment group  was  the  first  chemotactic  index  that  was  done  on  these 
patients.  This  index  was  measured  after  72  hours  post  burn  and  up  to 
the  6th  day.  Subsequent  chemotactic  indices  were  tabulated  according 
to  the  date  that  they  followed  the  initial  chemotactic  index.  Table 
6 shows  this  data.  The  group  treated  with  fresh-frozen  plasma  contains 
only  those  patients  whose  first  chemotactic  index  was  done  on  the  4th 
post  burn  day  and  who  were  treated  with  fresh-frozen  plasma  subsequently. 
The  pre-treatment  values  for  the  functional  chemotactic  index  in  the 
control  group  were  not  stat i s t i cal  1 y different  from  the  mean  post  treat- 
ment values  of  the  control  group.  Likewise  the  pre-treatment  values 
for  the  control  group  was  not  different  statistically  from  the  pre- 
treatment values  of  the  fresh-frozen  plasma  group.  The  post  treatment 
values  for  the  fresh-frozen  plasma  group  were  however,  very  significantly 
different  from  the  pre-treatment  values  (p  c.Ol).  Likewise  the  mean 
post  treatment  values  of  the  fresh-frozen  plasma  group  were  significantly 
differnet  from  the  mean  post  treatment  values  of  the  control  group 
(p  < .05). 

DISCUSSION 

An  attempt  has  been  made  to  study  the  in  vivo  effect  of  fresh-frozen 
piasma  on  the  functional  chemotactic  index  of  burn  patients.  In  the 
initial  portion  of  this  evaluation  a number  of  burn  patients  were  studied 
and  the  data  supported  the  previous  findings  of  Warden  et  al . * The 
present  study  differed  however,  from  the  earlier  study  in  that  although 
survivors  had  lower  functional  chemotactic  rndices  than  nonsurvivors, 
the  results  in  this  study  were  not  absolutely  predictive  since  some 
patients  with  lower  functional  chemotactic  indices  survived  and  many 
patients  with  high  functional  chemotactic  indices  ultimately  died. 

Possibly  some  of  this  variation  was  caused  by  our  giving  fresh-frozen 
plasma  to  some  of  the  patients  during  their  resuscitation.  It  is 
interesting  to  note  that  the  three  patients  in  the  series  who  had  the 
highest  initial  functional  chemotactic  indices  had  all  received  fresh- 
frozen  plasma  during  their  resuscitation. 

The  attempt  to  determine  whether  functional  chemotactic  index  could 
be  altered  by  substituting  fresh-frozen  plasma  for  plasmanate  during 
the  resuscitation  was  inconclusive  because  the  sample  size  is  too  small 
for  statistical  significance.  Despite  this  failing  tnis  small  series 
is  suggestive  that  fresh-frozen  plasma  may  have  an  effect.  The  study 
in  which  burn  patients  were  first  demonstrated  to  have  a low  chemotactic 
index  and  then  were  given  fresh-frozen  plasma  produced  more  statistically 
satisfying  results.  The  series  is  relatively  small  but  appears  to  be 
statistically  significant.  We  believe  that  this  study  indicated  that 
fresh-frozen  plasma  can  favorably  alter  in  vivo  the  functional  chemotactic 
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index  in  thermally  injured  patients.  It  is  hoped  that  such  an  elevation 
in  functional  chemotactic  index  can  diminish  the  susceptibility  to 
opportunistic  infection  in  burn  patients.  Further  studies  will  be  re- 
quired to  ascertain  whether  fresh-frozen  plasma  enhances  the  chances  of 
survival  in  the  thermally  injured  patient. 
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23.  (U)  To  evaluate  the  possibility  of  utilizing  thermal  conductivity  as  a means  of 
estimating  regional  gastric  mucosal  blood  flow  in  the  canine  stomach  as  a laboratory 
simulation  of  the  burned  soldier. 

24.  (U)  The  study  is  to  be  performed  on  mongrel  dogs  weighing  between  10  and  15  kgs 
prepared  with  deinnervated  gastric  pouches.  Aminopyrine  clearances  wi 1 1 be  utilized 
to  obtain  reference  gastric  blood  flow  measurement.  A flexible  catheter  with  a tip 
thermistor  will  be  obtained  and  modified  to  enable  self  heating.  The  thermistor  tip 
will  be  heated  above  that  of  "core  gastric  temperature"  and  then  placed  on  the  gastric 
mucosa  to  obtain  a temperature  record.  The  temperature  records  will  then  be 
correlated  with  documented  aminopyrine  clearances  to  determine  if  the  degree  of 
cooling  of  the  tip  thermistor  correlates  with  mucosal  blood  flow. 

25.  (U)  74  07  - 75  01  This  study  has  been  terminated  due  to  the  inability  to  obtain 
adequate  thermal  conductivity  changes  in  animals  utilizing  currently  available 
thermistor  probes. 
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Thermal  conductivity  of  the  gastric  mucosa  in  mongrel  dogs  was 
unable  to  be  evaluated  because  of  technical  difficulties.  A commercial- 
ly available  thermistor  probe  proved  unsuccessful  due  to  rigidity  with 
difficulty  in  passing  the  probe  through  the  fiberoptic  gastroscope. 

After  passage  of  the  commercially  available  probe  accurate  localization 
on  the  gastric  mucosa  was  unable  to  be  obtained.  Subsequent  construct- 
ion of  a thermistor  probe  which  was  readily  passed  through  the  gastro- 
scope and  allowed  accurate  positioning  on  the  gastric  mucosa  was 
accomplished.  The  technical  difficulties  encountered  included  heating 
of  the  sensitive  thermistor  tip  by  the  light  source  from  the  gastroscope 
and  difficulty  in  obtaining  reproducible  conductivity  measurements  of 
the  gastric  mucosa. 


Stomach 

Thermal  conductivity 
Dogs 

Mucosal  Blood  flow 
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ASSESSMENT  OF  THERMAL  CONDUCTIVITY  FOR  MEASUREMENT  OF  GASTRIC  MUCOSAL 

BLOOD  FLOW 

Presently,  no  methods  exist  for  the  quantitative  or  qualitative 
measurement  of  gastric  mucosal  blood  flow  in  the  human.  Since  a tech- 
nique for  the  estimation  of  gastric  mucosal  blood  flow  in  the  human 

is  desireable  this  study  was  designed  to  evaluate  the  possibility  of  , 

utilizing  thermal  conductivity  as  a means  of  estimating  regional  gastric 
mucosal  blood  flow.  A commercially  available  catheter  with  a tip  ther- 
mistor was  obtained.  In  principle  the  thermistor  tip  was  to  be  heated 

above  that  of  "core  gastric  temperature"  and  then  placed  on  the  gastric  ■ 

mucosa  to  obtain  a temperature  record.  The  temperature  records  were  to 
be  correlated  w i t h documented  aminopyrine  clearances  to  determine  if  the 
degree  of  thermal  conductivity  correlated  with  mucosal  blood  flow.  The 
commercially  available  thermistor  probe  was  unsuccessful  because  of 
extreme  rigidity  and  difficulty  in  passage  through  the  fiberoptic  pan- 
endoscope. Moreover,  after  passage  the  probe  was  unable  to  be  accurately 
placed  on  the  gastric  mucosa  for  conductivity  measurements. 

A thermistor  probe  w as  constructed  which  was  more  flexible  and 
easily  passed  through  the  fiberoptic  panendoscopc . The  thermistor  tip 
proved  to  be  extremely  sensitive  to  the  light  source  from  the  fiberoptic 

panendoscope  and  accurate  and  reproducible  measurements  of  thermal  i 

conductivity  of  the  gastric  mucosa  were  unable  to  be  obtained.  Several  i 

mongrel  dogs  were  given  intravenous  medications  to  influence  gastric 

mucosal  blood  flow  but  due  to  the  technical  difficulties  of  localization 

on  the  gastric  mucosa  and  temperature  sensitivity,  no  significant  changes 

were  recorded.  Technical  difficulties  made  further  experimentation 

i mposs i bl e . 

SUMMARY 

Thermistor  probes  are  at  present  unsatisfactory  in  design  and 
sensitivity  for  obtaining  thermal  conductivity  measurements  of  the 
gastric  mucosa. 
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23.  (U)  To  study  the  gastric  pathophysiology  of  the  thermally  injured  soldier,  so  as 
to  better  define  etioiogic  factors  responsible  for  Curling's  ulcer. 

24.  (u)  Evaluation  to  be  carried  out  on  thermally  injured  soldiers  with  greater  than 

30/  TBS  area  injury  admitted  to  the  USAISR.  Study  will  be  stratified  so  that  a group  of 

patients  in  the  30  to  50/  TBS  area  Injury  and  the  second  group  in  the  50  to  70,  TBS  area 

injury  will  be  included.  Investigative  procedures  will  be  performed  within  24  hours  if 

possible  and  at  72  hours  postburn.  Burns  of  greater  than  50/  body  surface  area  will 
also  be  studied  at  5 to  7 days  post  injury  and  all  patients  will  then  be  studied  between 

the  9th  and  12th  day  post  injury  and  at  30  days  or  discharge.  Studies  will  encompass; 

(1)  gastric  endoscopy  with  photography  and  biopsy  for  semiquan t i tat i ve  mucous  deter- 
mination, (2)  ion  flux  across  the  gastric  mucosa,  (3)  coagulation  studies,  (4)  measure- 
ments of  gastric  clearance  of  radioactive  isotopes,  and  (5)  evaluation  of  the  role  of 
bactercmi a. 

25.  (U)  74  07  - 75  06  Studies  have  now  been  performed  on  77  burn  patients  admitted  to 

the  USAISR.  Endoscopic  findings  document  the  existence  of  definite  gastric  mucosal 

abnormalities  occurring  early  post  burn  which  are  persistent.  The  true  incidence  of 
acute  gastroduodenal  lesions  or  Curling's  ulcer  would  appear  to  be  much  higher  than 
previously  determined  by  clinical  course,  operative  and  autopsy  findings.  Measurements 
of  mucous  substance,  ion  flux,  coagulation  and  gastric  clearances  of  radioactive 
isotopes  have  been  evaluated. 
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Gastric  pathophysiology  in  the  thermally  injured  soldier  was 
studied  in  order  to  describe  factors  which  may  be  important  in  the 
etiology  of  Curling's  ulcer.  The  methods  for  clinical  study  encompassed 
1)  gastric  endoscopy  with  photography  and  biopsy  for  semi  quant i tat i ve 
mucous  determinations,  2)  ion  flux  across  the  gastric  mucosa,  3)  coagu- 
lation studies  4)  measurements  of  gastric  clearance  of  a radioactive 
isotope . 

Seven ty -seven  adult  burned  soldiers  were  evaluated  with  burns  of 
greater  than  259  total  body  surface  (TBS)  sustained  within  one  week  of 
admission  to  the  US  Army  Institute  of  Surgical  Research.  Initial  studies 
were  performed  within  72  hours  post  burn  and  were  repeated  during  the 
second  and  third  week  post  injury. 

Gas t roduodenoscopy  demonstrated  that  superficial  gastric  and  duode- 
nal mucosal  lesions  occurred  soon  after  thermal  injury  in  most  patients 
(86.8'',)  with  burns  involving  more  than  359  of  their  total  body  surface. 
Deeper,  ulcerative  lesions  developed  later  in  areas  of  intense  early 
mucosal  injury.  Gastric  and  duodenal  abnormalities  frequently  coexisted 
without  clinical  signs  or  symptoms.  Twenty-one  gastric  biopsies  in  9 
patients  demonstrated  normal  quantities  of  superficial  and  deep  cellular 
mucosubs tances  as  determined  by  mucous  h i s tochemi ca 1 evaluation.  Diffuse 
gastric  mucosal  disease  was  present  in  78-,  of  the  natients  ..it h norma) 
cellular  mucosubs tance . Permeability  of  the  gastric  mucosal  barrier  to 
hydrogen  back  diffusion  was  studied  by  a lithium  flux  technique.  Diffuse 
gastric  mucosal  lesions  were  present  in  7 of  10  patients  with  a normal 
mucosal  barrier  suggesting  that  an  increased  back  diffusion  of  hydrogen 
ions  was  not  an  ctiologic  factor  in  the  development  of  these  earlv 
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gastric  lesions.  The  disruption  of  the  gastric  mucosal  barrier  in 
eight  patients  correlated  with  endoscopic  and  clinical  progression  of 
mucosal  disease.  Gastric  clearance  of  radioactive  technectium  was  too 
variable  for  analysis  and  this  aspect  of  the  study  was  discontinued. 

To  evaluate  the  role  of  rtii  c rovascu  la  r thrombosis  in  the  etiology  of 
acute  gastritis  after  burns,  29  burn  patients  had  serial  coagulation 

studies  and  mucosal  biopsies  stained  for  fibrin  thrombi  performed.  ij 

Erosive  gastritis  was  present  in  22  patients  or  762.  of  these  patients 
and  duodenitis  wa s demonstrated  on  biopsy  even  though  5 patients  had 
consumption  coagulopathy.  There  was  similarly  no  correlation  between 
serial  coagulation  studies  and  the  endoscopic  man i fes tat  ions  of 
gas t roduodena 1 mucosal  disease. 
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E7LUATICN  OF  CAS  TP  I C PHYSIOLOGIC  DISTURBANCES  /SSC-CI.V-ED 
I TH  THERMAL  INJURY  lil  A MILITARY  POPULATION 

On-,  t ric  o.Hhophy*  iology  of  ihe  thermal  ly  injured  sol  dior  tins  been 
■tudied  to  bet  t-T  define  the  etiolocic  I net  or-,  resr.ony  ib  Ic  for  Curling's 
ulcer.  Thi  » clinical  study  encompassed  I)  unstric  endoscopy  w i t h 
photography  and  biopsy  for  -.enii  cuon  t i t a l i vc  mucous  do  to  nr.  i nations, 

2)  oasurewent  oi  ion  flux  ter  os  s t.hc  gastric  • uu.  .a , and  3)  measurement 
( > f coa  cj u I o t i on  indices. 

Thermal  ly  injured  patients  v.-i  th  greater  tl,an  23  total  body  surface 
area  injury  were  evaluated  within  one  •.•:ee'.  • • f e-Jwission  to  tl_!e  U.S  . Ary 
Institute  of  Sore  i cal  '.esearch . Written  informed  consent  was  obtained 
f ron  all  patients  prior  to  study.  A ninirur.  ace  limit  of  IS  years  was 
established  for  the  >tudy . Clinical  invest  i cat  i >/e  proco  du  res  v:ere  per- 
formed v.  i thin  2k  hour-> , if  possible,  and  at  72  hours  post  burn.  Further 
evaluation  was  carried  out  during  trie  second  and  third  weef  post  injury. 

Gastroduodenal  Endoscopy 

To  determine  the  true  incidence,  morphology  and  benavior  of  acute 
gastroduodenal  disease  following  thermal  injury,  early  and  serial  fiber- 
optic gas t roduodenoscoo  ies  were  performed  in  77  adult  burn  patients, 
hi  story  compatible  with  chronic  pent ic  ulcer  disease  or  gastritis,  evi- 
dence of  previous  gastrointestinal  surgery,  or  a history  suggestive  of 
excessive  alcohol,  aspirin,  or  steroid  consumption  eliminated  the 
patient  from  consideration.  Resuscitation  fluids,  systemic  and  tooica! 
antibiotics,  vitamins,  antacids,  analgesics,  anesthetics,  and  nutrition- 
al support  we  re  managed  independently  by  each  attending  physician. 

Gas troduodenoscopy  was  performed  with  the  Olympus  GIF-D  fiberoptic  pan- 
endoscope.  P rented i cat i on  consisted  of  sufficient  intravenous  diazepam 
to  induce  drowsiness  (up  to  20  rigs).  This  was  occasionally  supplemented 
by  intravenous  meperidine  (up  to  25  mg).  Each  endoscopic  procedure 
thoroughly  evaluated  the  distal  two-thirds  of  the  esophagus,  the  entire 
stomach,  and  the  first  portion  of  the  duodenum.  Photographs  were  tai.en 
of  each  area  examined  and  representative  mucosal  biopsies  were  procured. 
In  patients  with  nasogastric  tubes  in  place,  superficial  gastric  lesions 
that  were  in  a linear  distribution  or  that  were  localized  to  a discrete 
area  of  the  stomach  were  attributed  to  the  effects  of  mechanical  i rri lo- 
tion and  were  discounted  from  the  study. 

During  the  current  period  of  study,  77  thermally  injured  patients 
were  evaluated  by  early  gas  t roduodenoscopy . Ages  ranged  from  16  to  Jk 
years  (average  ace  34.8  years)  and  tiie  burn  size  varied  from  23  to  96 
total  body  surface  (average  burn  size  56.6).  One  hundred  and  nine 
gus t roduodenoscop i cs  were  performed  without  complication  in  the  77 
patients.  Twenty-two  patients  were  examined  serially.  Fifty-nine  of 
the  77  patients  were  studied  within  72  hours  after  injury.  Four  of 
these  patients  were  examined  within  2k  hours  of  injury  (one  as  early 
12  hours  post  burn)  . The  remaining  patients  were  evaluated  k to 
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days  pus  t i n j u ry  . 


Thi  rty-fi  vo  biopsy  spec  it  ens  (32  gastric  <ir*d  3 duodenal)  were 
obtained  from  19  of  the  potion'  > .vaiuated  within  the  initial  72  hour 
period.  Pos  t mortem  examination-  confirmed  the  findings  described  at 
go  > t roduodenoscopy  . 

Superficial  Gastric  Mucosal  Injury 

Superficial  mucosal  abnormalities  were  recognized  ol  gastroscopy 
in  59  patients  (86.8  ) as  early  as  five  hours  post  burn.  Three 
patients  with  burns  involving  less  than  30  of  their  total  body  surface 
had  repeatedly  normal  examinations.  The  remainder  of  the  patients  had 
burns  involving  more  than  35  of  their  total  body  surface.  In  the  group 
ot  larger  burns  gastric  mucosal  abnormalities,  were  recognized  soon  after 
thermal  injury.  Three  types  of  superficial  gastric  mucosal  lesions  we  re 
recognized.  Most  commonly,  small  punctate  erythematous  lesions,  a few 
millimeters  in  diameter,  ..-ere  diffusely  scattered  over  the  rugal  crests 
of  the  fundus  and  body.  Areas  of  central  pallor  were  frequently  present 
within  these  small  circumscribed  areas  of  erythema.  A second  variety  of 

lesions  suggested  a conglommo rat  ion  of  the  snol ler  lesions,  appearing  ; 

as  a large  (often  grea'er  than  7 cm  in  diameter),  irregularly  shaped, 
confluent  area  of  erythema  and  muco-al  hemorrhage.  Discrete  erosions 
with  circumferential  erythema  repiv  <.■:  '..d  the  third  type  of  lesion  usual- 
ly encountered.  All  three  varieties  of  ;---,ion,  could  be  present  within 
the  same  stomach  as  early  a-,  24  hour,  alter  injury.  The  histology  of 
these  lesions  revealed  mi  c rova-,  cu  I a r congestion,  mucosal  hemorrhage  with 
mild  inflammation,  and  cellular  disruption  above  the  muscularis  mucosae. 

The  gastric  lesions  were  always  distrubuted  over  the  fundus  and 
body  of  the  stomach,  '..'hile  disease  via,  never  isolated  to  the  antrum,  in 
approx i mat e 1 y one-third  of  the  patients  the  antrum  was  also  abnormal. 

Serial  evaluations  indicated  that  the  antrum  was  usually  less  extensive- 
ly involved  than  the  mo  re  proximal  areas. 

Gastric  Ulceration 

Eighteen  patients  in  the  study  group  (26.5  ) had  gastric  ulcers  by 
endoscopy.  Six  of  these  poticnis  had  concomitant  duodenal  ulcers.  All 
1 8 patients  had  superficial  gastric  mucosal  disease  and  the  ulcerations 

were  located  in  areas  of  diffuse  mucosal  abnormalities.  The  earliest  ; 

detection  of  a discrete  gastric  ulcer  was  at  96  hours  pos t burn.  , 

i 

Superficial  Duodenal  Inflammation 

Forty-eight  of  the  77  patients  (81.4  ) had  diffuse  mucosal  abnor- 
malities of  the  proximal  duodenum  at  the  time  of  their  initial  endos-  \ 

copy.  All  patients  with  duodenal  involvement  had  burns  of  greater  than 
35  total  body  surface,  und  in  all  but  two  cases  acute  gastric  mucosal 
disease  was  also  present.  Erythema,  edema,  increased  mucosal  Iriohili- 


! v , and  erosions  in  the  bulb  and  proximal  duodenum  characterized  the 
endoscopic  picture  of  "duodenitis’  in  these  patients.  In  some  cases, 
there  appeared  to  be  actual  mucosal  sloughs  -within  the  duodenal  cap. 

Tiie  histology  of  representative  areas  demonstrated  mi c rovascu I ar  con- 
ges t i on  with  mucosal  hemorrhage,  increased  round  cell  infiltration,  and 
occasionally,  cystic  dilatation  of  Brunner's  glands. 

Duodenal  Ulceration 

Twenty  of  the  77  patients  had  duodenal  ulcerations  (26) . Six  of 
these  patients  also  had  multiple  gastric  ulcers.  Duodenal  ulcerations 
were  not  observed  within  72  hours  after  injury,  the  earliest  lesion 
being  detected  on  the  4ti>  post  burn  day.  All  duodenal  ulcer  patients 
had  an  accompanying  "duodenitis";  in  two  of  these  patients  an  ulceration 
was  actually  observed  to  evolve  in  the  area  of  an  early  erosive  disease. 

V.'ith  one  exception,  all  patients  with  duodena’  ulcers  also  had  acute 
gastric  mucosal  disease. 

Sastric  Mucosubs tance  Histochemistry 

A change  in  the  mucous  protective  barrier  has  been  suggested  as  a 
basis  for  acute  castric  ulcerations.  An  alteration  in  this  barrier 
mi  giit  result  from  decreased  mucus  production  or  a change  in  the  charac- 
ter of  the  mucus  produced,  thereby  rendering  the  gastric  nucosal  membrane 
more  susceptible  to  damage.  Hi s tochemi cal  techniques  provide  a means  of 
studying  directly  the  cells  of  the  gastric  mucosa  that  produce  the  gas- 
tric mucosubs tance . The  purpose  of  this  aspect  of  the  study  was  to  eval- 
uate with  h i s tochemi ca I methods  the  mucosubs tance  present  in  the  various 
gastric  epithelial  cells  and  to  correlate  the  content  of  mucos ubs tance 
with  acute  ulcerative  disease  of  the  gastric  mucosa.  Endoscopic  evalua- 
tion of  the  stomach  and  duodenum  was  performed  without  complication  in 
nine  male  patients.  Twenty-one  gastric  biopsies  were  taken  from  areas 
of  intact  mucosa  in  the  body  of  the  stomach.  Sections  of  each  biopsy 
were  prepared  for  routine  examination  with  hemotoxlyn  and  eos i n stains. 

Special  h i s tochemi ca 1 techniques  were  utilized  for  visualizing  and  dif-  ; 

ferentiating  the  carbohydrate  secretions.  H is tochemi ca 1 methods  includ-  ] 

ed  the  alcian  blue  ( A B ) - periodic  acid  Schiff  (PAS)  method  and  a ] 

sequence  of  aldehyde  fuchsin  (AF)  followed  by  alcian  blue  (AB)  at  dH  : 

2.5  and  azure  A at  pH  4 . 5 . The  surface  epithelium  and  mucous  neck  cells 

were  evaluated  specifically  with  the  AB  - PAS  sequence  which  colors 

neutral  mucosubs tance  red  and  acidic  mucosubs tance  turquoise.  The  chief 

cells  were  appraised  mainly  with  the  AF  - AB  sequence  which  stains  sul- 

fated  mucosubs tance  purple.  Specimens  were  coded  and  the  quantity  of 

mucosubs tance  in  the  cells  of  each  specimen  was  graded  (0-4+)  without 

knowledge  of  the  endoscopic  findings. 

All  nine  patients,  irrespective  of  mucosal  disease,  had  a 3*4+  j 

amount  of  neutral  mucosubstance  in  the  surface  epithelial  cells  as  j 

evidenced  by  intense  red  coloration  with  the  AS  - PAS  sequence.  The  / 
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mucous  neck  celts  stained  a nodjerately  strong  (3+)  red  indicative  of 
neutral  mucosubs tance  with  the  AB  - PAS  sequence  but  occasionally  were 
colored  the  turquoise  indicative  of  acidic  mucosubs tance.  The  chief 
cells  v.ere  depleted  of  sul fated  mucosubs tance  in  all  specimens.  The 
diminished  affinity  of  the  chief  cells  for  A F varied  from  very  weak 
staining  (1  + ) to  absence  of  reactivity  (0) . Specimens  from  I ^ chronic 
duodenal  ulcer  patients  and  two  canine  stomachs  were  evaluated  by  the 
same  hi stochemical  techniques  used  in  the  staining  of  sul fated  nucosub- 
stances  of  the  chief  cells.  These  specimens  demons trated  an  abundance 
of  sul fated  mucosubs tance  by  staining  strongly  purple  with  the  AF  - AB 
sequence.  Mucosubs tance  of  the  normal  human  stomach  could  not  be  asses- 
sed because  of  post  nor ten  autolysis;  surgical  specimens  were  not  avail- 
able from  unburned  patients  with  normal  stomachs. 

This  aspect  of  the  study  indicated  that  gastric  mucus  production, 
as  judged  by  direct  cellule-  h i s tochemi ca I evaluation,  is  normal  follow- 
ing thermal  injury  even  in  the  presence  of  acute  gastroduodenal  disease. 
The  role  of  sul fated  mucosubs tance , present  in  human  chief  cells,  iias 
not  been  established.  It  is  interesting  to  contrast  this  depletion  of 
the  sul fated  mucosubs tance  in  all  patients  after  thermal  injury  to  the 
chief  cells  in  chronic  duodenal  ulcer  patients  which  contain  on  abundance 
of  sul fated  mucosubs  tance . Depletion  of  this  anti-peptic  sul fated  ruco- 
substance  may  reflect  a cellular  response  to  increased  pepsin  neutrali- 
zation after  thermal  injury.  Conversely,  this  depletion  could  enhance 
the  potential  for  peptic  injury  to  an  already  damaged  mucosa. 

A decreased  production  of  gastric  mucus  does  not  appear  to  be  an 
eliologic  factor  for  the  developrent  of  acute  gastroduodenal  lesions 
after  thermal  injury  since  acute  gastric  mucosal  disease  was  encountered 
in  most  patients  despite  normal  quantities  of  cellular  mucosubs tances . 

Ion  Flux  .''.cross  tine  Gastric  Mucosa 

A protective  gastric  mucosa)  barrier  has  been  described  and  docu- 
mented by  Davenport.  The  epithelial  cells  of  the  gastric  mucosa  have 
been  described  as  tne  true  barrier.  Disruption  of  this  gastric  mucosal 
barrier  { G M B ) has  been  documented  in  critical'',  ill  patients  and  is 
believed  to  reflect  poor  vascular  perfusion  'with  resultant  mucosal 
injury. ^ This  is  said  to  result  in  an  increased  permeability  of  the 
gastric  mucosa  to  hydrogen  ion  which  in  turn  nay  lead  to  progressive 
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run  o .1  I damage  and  the  development  of  ,irrv,:1  ulceration..  In  order 
to  Jet  i no  i he  possible  pathogenic  inf  I urnce',  for  the  development  of 
>|.v>  l roduodettol  I os  ions  niter  thermal  i it  jury  , t ti  i o aspect  of  the  study 
..a-,  design  1 to  determine  the  status  of  the  GMB  'flcr  thermal  injury  ^ ^ 

u , i ruj  ,i  | i thium  flux  technique  to  determine  the  integrity  of  the  GMB  . 

Lithium  Mux  measurements  and  initial  endoscopy  '..ere  pe  r!  orried 
eithin  72  hours  post  burn  on  1 3 adult  patients.  Ten  of  the  18  patients 
demon-.  I rated  no  disruption  of  the  GMB , a I though  in  7 of  the  10  endos- 
copic examination  disclosed  acute  gastric  mucosal  lesions.  Eight 
patients  vtore  documented  to  have  di  , rup  t i on  of  the  GMB  ,/ithin  72  hours 
post  burn . Six  of  these  8 patients  also  demonstrated  acute  gas  trie 
mucosal  lesion,,  at  initial  endoscopy.  In  7 of  these  8 patients  who 
manifested  disruption  of  the  GMB  within  72  hours  post  burn,  a as  trie 
bleeding,  gastric  ulcer  perforation  or  endoscopic  progression  of  the 
mucosa)  disease  was  documented.  Endoscopic  progression  of  mucosal 
disease  was  documented  in  only  two  of  the  10  patients  with  a normal  GMB 

v.  i th  in  72  (tour,  post  burn. 

This  data  documentor!  that  an  increased  back  diffusion,  of  I ydrogen 
(H+)  ion  was  not  an  etiologic  factor  in  the  development  of  early  aostric 
lesions  after  thermal  injury.  However,  GMB  disruption  did  correlate 
..it h endoscopic  and  clinical  progression  t.-f  mucosal  disease,  which 
suggests  that  back  diffusion  of  hydrogen  (H+)  ion  plays  a contributory 
role  in  the  progression  of  thi-.  disease  and  could  be  a useful  prognostic 
i ndex . 

SUMMARY  AND  CONCLUSIONS 

Gas t roduodenos copy  indicates  that  damage  to  the  gastric  and 
duodenal  mucosa  occurs  soon  after  thermal  injury  in  most  patients  (87  ) 
with  greater  than  35  total  body  surface  burn.  The  early  occurrence, 
'morphology  and  histology  of  the  lesions  suggest  that  mucosal  ischemia 
is  a primary  etiologic  factor.  The  proximal  duodenum  is  involved 
almost  as  f reqi  >ntly  as  the  gastric  mucosa.  Deeper,  ulcerative  lesions 
develop  later  in  areas  of  intense,  early  mucosal  injury.  Severe  gastric 
and  duodenal  abnormal i t i es  frequently  coexist  without  clinical  signs  or 
sy mp  toms . 


Gastric  mucosal  disease  was  encountered  despite  normal  quantities 
of  superficial  and  deep  cellular  niucosubs Lance  suggesting  that  loss  of 
the  gastric  mucosal  protective  barrier  is  not  on  important  eliolooic 
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factor  in  the  development  of  acute  gastric  lesions  after  thermal  injury. 


The  presence  of  acute  gastric  mucosal  lesions  in  oaticnts  with  a 
no  mo  I qjstric  mucosal  barrier  suggested  an  increased  bach  diffusion  of 
hydrogen  ion  was  not  an  etiologic  factor  in  the  development  of  early 
gastric  mucosal  disease.  CMB  defects  did  cu.  idat'1  v/ith  progression  of 
mucosal  disease,  suggesting  that  disruption  of  the  gastric  mucosal 
barrier  may  play  a contributory  role  in  the  progression  of  the  acute 
mucosal  disease. 
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Clinical  evaluation  of  a 10  per  cent  modified  soy  bean  oil  emulsion 
(Intral  ipid^',  Vitrum,  Stockholm)  was  undertaken  (1)  to  determine  safety 
and  tolerance  in  thermally  injured  soldiers  and  (2)  to  help  clarify  the 
nutritional  efficacy  of  fat  as  an  energy  source.  As  noted  in  a previous 
report,  this  soy  bean  oil  emulsion  was  associated  with  few,  if  any, 
toxic  side  effects,  and  it  should  be  considered  safe  for  use  in  severely 
injured  man. 

To  determine  the  efficacy  of  fat  as  an  energy  source,  i son i t rogenous 
intravenous  diets  containing  11.7  grams  ni trogen/m^/day  and  13  different 
combinations  of  carbohydrate  (110-2360  ki  localories/mVday)  and  fat 
(0-1108  k i 1 ocal or i es/m^/day)  were  fed  to  6 patients  during  34  studies  of 
three  days  or  longer.  Urea  nitrogen  excretion  was  inversely  related  to 
carbohydrate  intake  (p  ^ 0.01)  and  directly  related  to  resting  metabolic 
rate  (p  < 0.01).  Fat  infusion  did  not  affect  nitrogen  excretion  at  any 
level  of  carbohydrate  intake.  Urea  nitrogen  excretion  decreased  toward 
its  lowest  values  as  carbohydrate  calorie  intake  approached  metabolic 
rate.  Insulin  levels  were  directly  related  to  carbohydrate  intake  and 
to  body  size.  These  data  indicate  that  the  primary  determinants  of 
nitrogen  excretion  during  i son i t rogenous  intravenous  feeding  are  the 
amount  of  carbohydrate  infused  and  the  resting  metabolic  rate.  \!e 
conclude  that,  when  a primary  clinical  goal  is  nitrogen  conse rvat i on , 
carbohydrate  calories  should  be  given  in  amounts  approximating  the 
metabolic  rate.  Additional  calories  and  essential  fatty  acids  can  be 
safely  given  as  intravenous  fat  emulsion,  but  fat  did  not  affect 
nitrogen  sparing  in  these  patients. 

R 

Intravenous  Fat  Emulsion  Intralipid 

Crystalline  Amino  Acid  Solution  Hypertonic  Glucose 

Parenteral  Nutrition  Burn  Patients 
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THE  EFFICACY  OF  PARENTERAL  FAT  EMULSION 
IN  THERMALLY  INJURED  SOLDIERS 


The  metabolic  response  to  severe  trauma  is  characterized  by  protein 
wasting,  loss  of  body  weight,  and  increased  energy  expenditure.  This 
response  to  stress,  which  is  a basic  neurohormona 1 reflex,  is  a graded 
response:  when  injury,  or  stress,  is  severe,  the  response  is  pronounced, 

and  the  erosion  of  body  mass  may  be  life-threatening.  The  consequences 
of  this  post-traumatic  catabolic  response  are  most  readily  apparent  in 
patients  who  have  sustained  major  thermal  injuries.  Burn  injuries  of 
more  than  AOT  of  total  body  surface  area  cause  the  most  profound  increase 
of  metabolic  rate  and  loss  of  protoplasmic  mass  associated  with  any 
disease  process.  Failure  to  provide  adequate  metabolic  and  nutritional 
support  to  these  patients  may  result  in  rapid  erosion  of  energy  and  pro- 
tein stores  that  are  essential  for  maintaining  integrated  body  function 
and  may  predispose  the  patient  to  potentially  lethal  complications. 


Vigorous  nutritional  support,  preferably  using  enteral  feeding  but, 
when  necessary,  using  supplemental  or  total  intravenous  feeding,  can  re- 
duce body  wasting  and  achieve  weight  s tab  1 i za t i on . In  most  patients  who 

have  a maximal  catabolic  response  to  thermal  injury,  caloric  and  nitrogen 
equilibrium  can  be  achieved  by  providing  at  least  2000  kilocalories  and 
15  grams  of  nitrogen  per  square  meter  body  surface  area  each  day.'  When 
the  burn  patient  does  require  intravenous  nutrition  support,  an  increased 
incidence  of  complications,  such  as  catheter-related  septicemia,  central 
venous  thrombosis,  hyperglycemia,  and  hyperosmolar  dehydration  may  occur. 
For  this  reason,  the  concept  of  an  intravenous  fat  emulsion  is  quite 
appealing,  if  total  nutritional  support  of  critically  injured  patients 
can,  in  fact,  be  accomplished  by  peripheral  venous  infusion  without  in- 
troducing significant  new  hazards  and  without  sacrificing  the  nutritional 
efficacy  of  the  feeding  program.  Therefore,  clinical  evaluation  of  a 
I0'i  modified  soy  bean  oil  emulsion  ( I n t ral i p i dB , Vitrum,  Stockholm)  was 
undertaken  1)  to  determine  safety  and  tolerance  in  severely  injured 
soldiers  and  2)  to  help  clarify  the  nutritional  efficacy  of  fat  as  an 
energy  source. 


Studies  To  Determine  Safety 

An  extensive  clinical  evaluation  of  fat  emulsion  in  thermally  in- 
jured patients  has  been  published  by  Wilmore  and  associates  from  this 
Institute, 2 and  those  results  are  briefly  summarized  here.  Single-unit 


1.  Soroff  HS , Pearson  E,  Artz  CP:  An  estimation  of  the  nitrogen  require- 

ments for  equilibrium  in  burned  patients.  Surg  Gynecol  Obstet  132:159" 
172,  1961. 

2.  Wilmore  DW,  Moylan  JA,  Helmcamp  GM,  Pruitt  BA  Jr:  Clinical  evaluation 

of  a 102  intravenous  fat  emulsion  for  parenteral  nutrition  in  thermally 
injured  patients.  Ann  Surg  178:503-513.  1973- 


infusions  of  soy  bean  oil  emulsion  were  evaluated  in  12  hypermetabol ic 
burn  patients  and  15  convalescing  patients  who  were  essentially  normal. 
No  significant  hyperpyrexia  occurred  in  either  group  in  response  to 
fat  infusion.  Vita!  signs,  complete  blood  counts,  and  liver  function 
studies  remained  unchanged.  Fat  clearance  curves  demonstrated  an 
accelerated  disappearance  of  the  emulsion  from  the  plasma  of  acutely 
burned  patients  (Figure  1). 

'33xenon  perf us ion-ven t i 1 at  ion  lung  scans  remained  normal,  and 
pulmonary  diffusion  capacity  using  a carbon  monoxide  rebreathing  tech- 
nique was  not  altered  after  fat  infusion.  Blood  gas  determinations  were 
done  after  single  and  multiple  unit  infusions  of  IntralipidR  in  20 
patients,  none  of  whom  developed  any  significant  alterations  of  venti- 
lation or  gas  exchange.  These  tests  verified  the  safety  of  this  fat 
emulsion  in  critically  ill  patients  who  had  potentially  marginal 
pulmonary  function. 


Figure  I.  Fat  clearance  after  500  ml  infusions  of  soy  bean  oil  emulsion 
was  accelerated  in  hypermetabol i c , non-septic  burn  patients. 
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Multiple  units  of  soy  bean  oil  emulsion  were  infused  in  10  patients 
to  assess  long-term  effects.  Although  the  average  dose  of  fat  emulsion 
administered  did  not  exceed  3-3  grams/kg  body  weight  in  2A  hours,  daily 
variations  did  occur,  and  several  patients  received  as  much  as  5 grams/ 
kg  body  weight  on  one  or  more  days  during  the  test  periods.  There  were 
no  untoward  effects  that  could  be  related  to  the  fat  emulsion.  Thermo- 
genic reactions  did  not  occur  in  response  to  the  infusions;  liver,  renal 
and  pulmonary  function  were  unchanged  from  pre-infusion  levels.  Four  of 
these  critically  ill  patients  died  from  unassociated  causes , and  at 
autopsies  they  did  not  have  excess  accumulation  of  fat  in  the  lung,  liver 
or  other  organs. 

We  conclude  on  the  basis  of  these  observations  and  the  reports  of 
other  investigators  that  this  soy  bean  oil  emulsion  is  associated  wi th 
few,  if  any,  toxic  side  effects  and  that  it  is  safe  for  use  in  severely 
injured  man. 

Studies  to  Clarify  Nutritional  Efficacy 

Although  clearance  of  fat  emulsion  from  the  plasma  can  not  be 
equated  with  fat  utilization,  numerous  studies  suggest  that  infused  fat 
emulsion  is,  in  fact,  utilized.  Of  particular  note  is  the  report  by 
Geyer^  that  respiratory  quotient  does  shift  during  fat  infusion  to  re- 
flect fat  utilization.  As  previously  published  by  Wilmore ^ and  by 
Helmcamp  and  Wilmore,^  biochemical  evidence  of  essential  fatty  acid 
deficiency  does  occur  in  severely  injured  man,  and  this  nutritional 
inadequacy  can  be  successfully  treated  by  inclusion  of  polyunsaturated 
fatty  acids  in  the  diet,  intravenously  or  orally. 

The  following  study^  was  undertaken  to  specifically  determine  the 
relative  effects  of  fat  and  carbohydrate  on  nitrogen  conservation  during 
total  intravenous  feeding.  I son i t rogenous  intravenous  diets  containing 

11.7  grams  n i t rogen/m^/day  as  a crystalline  amino  acid  solution 
(FreAmine,  McGaw,  Irvine,  CA)  were  given  to  5 patients  during  29  three- 
day  studies. 


2.  Wilmore  OW , Moylan  JA,  Helmcamp  GM , Pruitt  BA  .Jr:  Clinical  evaluation 

of  a 10-  intravenous  fat  emulsion  for  parenteral  nutrition  :n  thermal  1, 
injured  patients.  Ann  Surg  173:503-513,  1973- 

3.  Geycr  RP : Parenteral  emulsions  --  Formulations,  preparation, 

use  in  animals.  In  Parenteral  Nutrition,  ed.  HC  Meng  and  DH  Law. 

Charles  C.  Thomas,  Springfield,  p 3 39  - 

A.  Helmcamp  GM , Wilmore  DW,  Johnson  AA,  Pruitt  BA  Jr:  Essential  : a L t y 

acid  deficiency  in  red  cells  after  thermal  injury:  Correction  i . :■ 

venous  fat  therapy.  Amer  J Clin  Nut r 26  : I 33  I - I 333  . 1973 ■ 

5.  Long  JM,  Wilmore  DW,  Mason  AD  Jr,  Pruitt  BA  Jr:  Ettect  o'  rat  *-  - 

hydrate  and  fat  intake  on  nitrogen  excretion  durinq  total  intr  ivenv- 
feeding.  In  press,  1975- 


Each  diet  contained  1458,  875.  350,  or  110  ki loualories/nr/day  as 
carbohydrate  and  1103,  583,  or  zero  k i local  or i es/m^/day  as  fat  emulsion. 
The  numbers  of  three-day  studies  done  with  each  diet  are  given  in  Figure 
2.  Each  patient,  stable  after  injury  or  operation,  received  at  least 
three  different  diets  for  three  days  each  in  a randomly  selected 
sequence.  Validity  of  three-day  study  periods  was  confirmed  by  infusion 
of  constant  diets  for  6 days  or  longer  in  2 patients,  neither  of  whom 
showed  any  significant  adaptation  after  the  second  day  of  a particular 
intravenous  regimen.  The  patient  group  included  a fistula  patient,  a 
victim  of  chronic  malnutrition  after  near-total  gastrectomy  for  malig- 
nancy, a patient  after  amputation  for  electrical  injury,  and  two 
moderately  hy perme tabol i c burn  patients,  one  of  whom  had  chronic  in- 
fec t ion  . 


NUMBER  OF  THREE-OAY  STU01ES  WITH  VARIED  CALORIC  SOURCE 


Nitrogen  Intake:  11.7  g/nr/day 


Carbohydrate  Intake  (kcal/n^/day) 


Fat  Intake 
(kcal/m^/day) 


Figure  2.  The  number  of  three-day  studies  are  shewn  in  the  square 
corresponding  to  each  combination  of  fat  and  carbohydrate. 


Essential  electrolytes  were  infused  with  each  diet  to  maintain 
steady  normal  serum  values  during  the  study  periods.  Vitamin  dosages 
were  the  same  for  each  diet,  and  exogenous  insulin  was  not  required. 
Blood  glucose,  blood  urea  nitrogen,  plasma  insulin,  and  urine  urea 
nitrogen  were  measured  daily  and  resting  metabolic  rates  were  measured 
or  predicted  from  previous  observations. 

Urea  nitrogen  excretion  was  inversely  related  to  carbohydrate 
intake  (p<0.01),  and  addition  of  intravenous  fat  did  not  significantly 
influence  urea  nitrogen  excretion  at  any  level  of  carbohydrate  intake 
(Figure  3).  Furthermore,  urea  nitrogen  excretion  was  directly  related 
to  resting  metabolic  rate  (p 0.01).  Multiple  regression  analysis 


NITROGEN  EXCRETION  WITH  VARIED  CALORIC  SOURCE 
Nitrogen  Intake:  11,7  g/m2/day 


Carbohydrate  Intake  (kcal/m2/day) 


Fat  Intake 
(kca l/m2/day) 
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Figure  3.  Mean  urea  nitrogen  excretion 
of  fat  and  carbohydrate,  (g/n^/day) 


is  shown 


for  each  combination 
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yielded  this  mathematical  prediction  of  nitrogen  excretion  for  these 
patients  on  i son i t rogenous  intravenous  diets: 


N = 17 .**4  - 1.997  1 og„  C + 0.0752  MR 

e c 

r2  = 0.89,  p < 0.05 
Ng  = nitrogen  excretion  (g/m2/day) 

C = carbohydrate  intake  (kca 1 /m2/day ) 

MR  = metabolic  rate  (kca 1 /m2/day ) 

When  expressed  as  a function  of  the  ratio  of  carbohydrate  intake 
to  resting  metabolic  rate,  urea  nitrogen  excretion  decreased  to  its  lowest 
values  as  carbohydrate  calorie  intake  approached  metabolic  rate,  the  point 
at  which  the  ratio  reached  1.0  (Figure  4).  Increasing  carbohydrate  intake 


i- 1 t-  - -r t — 1 1 1 

0 0.2  0 4 O.o  0.8  \ 0 1.2  1.4  1.6  1.8 

Carbohydrate  '"toke/Metaboljc  rQfe 


Figure  4.  Urea  nitrogen  excretion  reached  a plateau  as  carbohydrate 
caloric  intake  approached  metabolic  rate,  the  point  represented  by 
1.0  on  the  horizontal  axis. 
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above  metabolic  rate  did  not  effect  any  further  decrease  of  nitrogen 
excret i on . 

Plasma  insulin  concentrations  increased  as  carbohydrate  dosage 
increased  and  as  body  size  increased.  Blood  urea  nitrogen  levels  were 
not  altered  by  changing  caloric  source.  Blood  glucose  remained  normal, 
as  did  serum  electrolytes,  during  the  2?  three-day  studies.  In  two 
patients  who  received  supranormal  carbohydrate  dosages  during  5 addi- 
tional studies,  adding  exogenous  insulin  to  control  hyperglycemia  caused 
further  decrease  of  nitrogen  excretion  to  a mean  of  4.4  g/n  /day,  well 
below  their  predicted  minimum  of  6.8  g/mVday. 

This  study  indicates  that  the  determinants  of  nitrogen  excretion 
during  i son i t rogenous  total  intravenous  feeding  of  critically  ill  or 
injured  man  are,  primarily,  the  amount  of  carbohydrate  infused,  and, 
secondarily,  the  metabolic  rate,  Mitrogen  excretion  decreased  steadily 
as  carbohydrate  intake  increased  up  to  the  level  of  the  resting  metabolic 
rate,  '.'hen  carbohydrate  dosages  exceeded  metabolic  rate,  nitrogen  re- 
tention was  not  further  enhanced  except  when  exogenous  insulin  was 
administered  to  control  hyperglycemia.  The  relationship  demons t rated 
by  these  data  remained  strikingly  consistent  despite  the  heterogenous 
group  of  patients  who  represented  a broad  range  of  ages  (11  to  5?  years) 
and  metabolic  rates  (30  to  64  kcal/ni  /hour)  . 

Since  the  introduction  of  intravenous  fat  emulsion,  several  authors 
have  concluded  that  nitrogen  conservation  occurred  with  either  cotton- 
seed oil  emulsion  or  soy  bean  oil  emulsion.  ~ Careful  analysis  of 
available  data  from  those  studies,  however,  has  shown  either  that  the 
patient  groups  were  too  small  to  derive  meaningful  conclusions  or  that 
the  conclusions  were  not  necessarily  justified  by  the  data.  Where 
positive  nitrogen  balance  was  reported  during  fat  infusion,  other  factors 
which  rare  known  to  influence  protein  metabolism,  such  as  nitrogen  or 
carbohydrate  intake,  were  also  being  changed  at  the  sane  time  fat  was 


6.  Gorens  SW,  Geyer  RP , Matthews  LW.  Stare  FW:  Parenteral  nutrition. 

Observations  on  the  use  of  fat  emulsions  for  intravenous  nutrition  in 
man.  J Lab  Clin  Med  3^ : 1 627” 1633  , 1949. 

7.  Van  Itallie  TB,  Moore  Fb , Geyer  RP , Stare  FJ:  Will  fat  emulsions 

given  intravenously  promote  protein  synthesis:  Metabolic  studies  on 

normal  subjects  and  surgical  patients.  Surgery  36:720-731,  1954. 

8.  Artz  CP,  Williams,  TIC:  The  protein-sparing  effect  of  intravenous 

fat  emulsions.  Metabolism  6:682-690,  1957- 

9.  Wadstrom  LB,  Wiklund  PE:  Effect  of  fat  emulsions  on  nitrogen  balance 

in  the  postoperative  period.  Acta  Chir  Scan,  Suppl  325:50-54,  1964. 
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being  added  to  or  subtracted  from  the  diet.  None  of  the  studies 
considered  the  possible  impact  of  metabolic  rate  on  nitrogen  excretion. 


The  findings  of  the  present  study  are  corroborated  by  the  report  li 

of  Brennan  and  Moore'2  who  showed  that  the  nitrogen  sparing  effect  of  • 

the  soy  bean  oil  emulsion  was  accounted  for  solely  by  the  glycerol  con-  t 

tained  in  the  emulsion  to  provide  isotonicity.  Any  further  nitrogen 

conservation  could  be  related  to  adaptation  to  starvation.  Further  ' 

supportive  data  has  been  presented  by  Professor  Heller, '3  who  observed  !j 

progressive  deterioration  of  nitrogen  balance  as  fat  emulsion  comprised  | 

larger  percentages  of  intravenously  administered  diets  fed  patients  jj 

undergoing  prolonged  radiotherapy  for  metastatic  malignancy.  || 

We  believe  that  the  observations  made  during  the  present  study 
become  clinically  importar . to  severely  stressed  patients  in  whom  a 
primary  therapeutic  goal  is  to  minimize  protein  wasting.  Such  patients 
include  those  who  are  severely  traumatized  or  burned.  The  first  priority 
for  energy  support  of  these  patients  should  be  to  provide  carbohydrate 
calories  in  dosages  amounting  to  more  than  80-'  of  resting  metabolic  rate. 

Intravenous  fat  could  then  be  used  as  a satisfactory  source  of  additional 

calories  to  meet  additional  energy  requirements  and  promote  weight  gain  ; 

or  to  provide  a source  of  essential  fatty  acids. 

Cone) us  ion 

lntralipidR  has  been  shown  to  be  a safe  and  convenient  source  of  < 

essential  fatty  acids  to  correct  biochemical  evidence  of  essential  fatty 
acid  deficiency  in  critically  injured  soldiers.  Intravenous  fat  emulsion 
is  also  an  excellent  source  of  additional  calories,  particularly  when  a 
primary  nutritional  goal  is  weight  gain.  We  would  caution,  however,  that 
severely  stressed  patients  in  whom  the  primary  nutritional  goal  is 
nitrogen  sparing  should  receive  carbohydrate  calories  in  doses  approxi- 
mating metabolic  rate.  Although  intravenous  fat  emulsion  increases  our 
flexibility  in  the  area  of  nutritional  support  for  the  severely  injured 
soldier,  fat  did  not  appear  to  exert  any  protein  sparing  effect  in  these 
patients. 


j ' 

12.  Brennan  MF , Moore  FD : An  intravenous  fat  emulsion  as  a nitrogen 

sparer:  comparison  with  glucose.  J Surg  Res  14:501-504,  1973- 

13.  Heller  KL:  The  effect  of  fat  in  complete  parenteral  nutrition  on 

the  nitrogen  balance.  Presented  at  Ninth  International  Congress  of 
Nutrition,  Mexico  City,  1972. 
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23.  (U)  To  determine  the  effect  of  zinc  dosage  on  plasma  and  tissue  zinc  levels  and 
on  lactate  dehydrogenase  (LDH)  total  activity  and  isoenzyme  patterns  during  the 
postburn  period.  To  determine  if  there  are  any  gross  changes  in  the  healing  process 
of  'he  burn  wound  as  a function  of  zinc  intake  as  a guide  to  the  care  of  burned 

soli  i-.-rs.  An  elevated  - i nc  requirement  in  burned  rats  may  indicate  a need  for 
'•"creasing  the  zinc  into!.,'  of  burned  soldier^. 

24.  (U)  Blood  and  tisue  s-“  nine  -will  be  obtained  at  24  hours,  48  hours,  72  hours, 
one  week,  and  two  weeks  postburn  for  zinc  and  LDH  total  activity  and  isoenzyme  paft’rr 
•pl-als  will  be  observed  f-.-i  igns  of  zinc  deficiency  as  related  to  burn  wound  he  a ! • nc 

. y : 1 /4  r,  ; - 75  06  C ■ rui 1 zinc  Kvels  we  derma  ' ii  in  burned  animals  which  do  not 
met  i vo  zinc  supplemental,  in.  The  admin-  -(ration  of  IOC  micrograms  of  zinc  intra- 
i toneal  ly  maintains  the  seruri  zinc  lev  I within  nimal  limits  during  the  post  bem 
i : rind.  Alteration  ot  the  zinc  and  copper  levels  in  the  liver  have  been  found  in 
me  ot  the  burned  anti  control  anii"»ji  ■ a zinc  free  Ji  et. 
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The  purpose  of  this  study  is  to  determine  if  rats  with  large  scald  burns 
have  an  increased  zinc  requirement.  Rats  were  scald  burned  over  60°,  of  the 
total  body  surface  and  administered  parenteral  zinc  at  different  dosages.  Rats 
were  also  fed  a zinc  free  diet  to  minimize  the  intake  of  exogenous  zinc. 

The  low  dose  of  zinc  administered  (50  micrograms  daily)  resulted  in  a 
slower  repletion  of  plasma  zinc  levels  and  a slower  growth  rate  than  the  high 
dose  (100  micrograms  daily)  . Significant  alteration  in  the  tissue  zinc  levels 
and  LDH  isoenzyme  patterns  have  not  been  demonstrated. 

Further  studies  will  not  be  conducted  using  the  present  sampling  frequency 
due  to  the  lack  of  evidence  to  support  marked  alteration  in  tissue  zinc  levels 
in  the  postburn  period. 


Burns 

Rat 

Zinc  requirments 
Wound  healing 
Lactate  dehydrogenase 
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THE  ZINC  REQUIREMENTS  OF  THE  BURNED  RAT  AND  THE 
INFLUENCE  OF  ZINC  ON  LDH  ACTIVITY,  GROWTH  RATE 
AND  WOUND  HEALING:  A MODEL  OF  BURNED  SOLDIERS 

A considerable  loss  of  zinc  is  thought  to  occur  in  the  postburn  period. 
Approximately  20?,  of  the  total  body  zinc  is  present  in  the  skin  of  man  and  the 
zinc  in  the  burned  areas  may  be  lost  with  the  eschar.  Additional  zinc  losses 
may  result  from  serum  protein  loss  from  the  burn  wound  and  in  the  u,  ine. 

These  losses  may  elevate  the  requirement  for  zinc  in  the  burned  man  or  animal. 
In  this  study  burned  rats  were  used  to  determine  if  an  increased  zinc  require- 
ment is  needed  for  optimal  wound  healing. 

METHODS 

Male  Sprague-Daw ley  rats  weighing  between  160-  180  grams  were  used  in 
this  study.  All  animals  were  anesthetized  with  pentobarbital  sodium  and 
shaved  over  the  area  to  be  burned.  Animals  in  the  burn  groups  were  3°  scald 
burned  over  GO'?  of  the  total  body  surface  by  the  method  of  Walker  and  Mason 
(1).  All  animals  were  fed  a zinc-free  diet  (Nutritional  Biochemical  Co.)  and 
zinc  was  administered  daily  as  zinc  acetate  solution  intraperitoneally.  Animals 
not  receiving  zinc  were  administered  normal  saline  intraperitoneally.  The 
zinc  content  of  tissues  was  determined  by  atomic  absorbtion  spectrophotometry. 
LDH  isoenzyme  patterns  were  determined  by  split-gel  electrophoresis.  Animals 
were  obsrved  daily  for  signs  of  zinc  deficiency. 

RESULTS 

The  growth  rate  of  the  control  and  burned  animals  is  shown  in  Table  1 . 

Five  animals  were  studied  in  each  group.  The  rate  of  weight  gain  in  the  burned 
animals  appears  to  be  dose  related  with  the  animals  receiving  the  100  ug  zinc 
daily  having  the  fastest  growth  response. 


Table  1.  Growth  Rate 


Group 

T reatment 
ug/ zinc 

Gm.  Weight  Gain 
15 

/Days  Postburn 
30 

1 

Control 

50 

100 

160 

II 

Control 

None 

47 

94 

III 

60s  Burn 

None 

5 

21 

IV 

60',,  Burn 

50  (daily) 

14 

36 

V 

60?,  Burn 

100  (daily) 

17 

54 

1.  Walker  HL,  Mason  AD,  Jr:  A standard  animal  burn.  J Trauma  8:  1049-  j 

1051,  1968.  ] 
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The-  plasma  zinc  levels  are  shown  in  Table  2.  Three  animals  per  group  were 
studied  at  each  time  interval.  The  plasma  zinc  level  is  low  from  24  hours  post- 
hurt'  until  one  we<_k  postburn  in  all  the  burn  groups.  At  two  weeks  postburn 
the  animals  receiving  100  ug  zinc  daily  had  plasma  zincs  in  the  normal  range 
of  100  180  uij/100  ml.  The  unburned  animals  without  zinc  administration 

had  a gradual  decline  in  plasma  zinc  over  the  two  week  period. 


Table  2.  Mean  Plasma  Zinc  Levels 


Group 

T reatment 
ug/zinc 

24  hrs 

Time  Postburn 
48  hrs  96  hrs  7 days 

1 4 days 

1 Control 

None 

162 

158 

138 

90 

67 

II  60  o Burn 

None 

75 

87 

77 

102 

40 

III  60 o Burn 

50  (daily) 

77 

70 

100 

129 

62 

IV  60r’  Burn 

100  (daily) 

64 

93 

105 

120 

145 

* All  values  are 

micrograms  per  100 

ml  plasma 

Sixty-three  liver  samples  were  analyzed  for  zinc  content.  The  zinc  levels 
ranged  from  40-93  ug  zinc/gm  of  wet  tissue.  The  zinc  content  of  35  testicles 
was  2 8-78  ug/grn  of  wet  tissue.  The  level  of  zinc  in  the  tissues  varied  greatly 
in  each  group  of  animals  and  no  apparent  relationship  of  the  tissue  zinc  levels 
with  time  postburn  or  amount  of  zinc  administered  was  seen.  LDH  isoenzyme 
patterns  had  altered  patterns  during  the  first  48  hours  postburn  with  a return 
to  normal  patterns  at  96  hours  postburn.  No  signs  of  zinc  deficiency  were 
found  in  animals  studied. 

SUMMARY 

The  growth  rate  of  the  burned  animal  is  the  simplest  means  of  determining 
the  adequacy  of  parenteral  zinc  administration.  50  ug  of  zinc  daily  has  been 
reported  to  rapidly  replete  a dietary  induced  zinc  deficiency  in  the  rat  (2)  . In 
our  study  this  dose  does  not  result  in  rapid  restoration  of  plasma  zinc  levels  or 
optimum  growth  rate  following  burn  injury. 

The  absence  of  signs  of  overt  zinc  deficiency  may  be  clue  to  the  short  period 
of  time  the  animals  were  studied  and  the  age  of  the  animals.  Neonatal  rats  are 
normally  used  in  dietary  zinc  depletion  studies.  The  rats  used  in  this  study 
were  from  6-7  weeks  of  age  when  burned  and  therefore  the  animals  may  have 
sufficient  zinc  reserves  to  prevent  the  signs  of  a zinc  deficiency. 


2.  Prasad  AS  (editor):  Zince  Metabolism  . Chas . C.  Thomas.  Springfield, 
1961. 


The  lack  of  evidence  to  indicate  a marked  alteration  of  tissue  zinc  levels 
and  the  rapid  restoration  of  normal  LDP  isoenzyme  patterns  indicates  further 
investigation  of  zinc  levels  at  frequent  intervals  is  not  warranted.  The  analysis 
of  the  skin  zinc  levels  on  the  rats  studied  so  far  has  not  been  completed.  No 
additional  studies  arc  planned  until  completion  of  this  analysis  and  a rc- design 
of  the  study . 
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23.  (U)  The  objectives  of  this  study  were  modified  to  test  the  interaction  between 
wound  coverage  and  survival  on  large  clean  excisions  and  smaller  infected  excisions  as 
a model  of  changes  in  burned  troops . 

24.  (U)  Different  wound  dressings  were  tested  on  their  ability  to  promote  survi  ’al 
following  60%  BSA  rat  excision  and  157,  infected  excisions. 

25.  (U)  74  07  - 75  06  Rat  cutaneous  allograft,  human  xenograft  and  a synthetic 
dressing  all  promoted  survival  following  157,  excision  and  seeding  with  Pseudomonas 
aeruginosa . Animals  with  open  infected  wounds  died.  No  reproducible  sterilization  of 
the  wound  was  encountered  with  any  of  these  dressings  in  this  model.  Allograft 

and  the  synthetic  dressing  promoted  survival  following  60%  BSA  rat  skin  excisions. 
Steri-drape  and  gauze  coverage  did  not. 
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Rat  cutaneous  allograft,  human  xenograft,  and  a synthetic  dress- 
ing (consisting  of  a nylon  matrix  and  a teflon  membrane)  were  com- 
pared for  effectiveness  in  promoting  survival  in  laboratory  animals. 

One  group  of  Sprague-Oawley  rats  was  subjected  to  excision  of  1 5%  of 
the  total  body  surface  area  and  seeding  of  the  wounds  with  Pseudomonas 
ae rug i nosa ; 60%  total  body  surface  area  excision  was  performed  on  a 
second  group  with  no  seeding  of  the  wounds.  Rat  cutaneous  allograft, 
human  xenograft,  and  the  synthetic  dressing  all  promoted  survival 
following  1 excision  and  seeding  with  Pseudomonas  aeruginosa.  Ani- 
mals with  open-infected  wounds  died.  No  reproducible  sterilization 
of  the  wound  was  encountered  with  any  of  the  dressings.  There  was  no 
survival  in  the  group  with  60%  body  surface  area  excision  if  the  wounds 
were  left  uncovered.  If  allograft  coverage  was  used,  10  day  survival 
was  90%,  with  75%  survival  for  animals  whose  wounds  were  covered  with 
the  synthetic  dressing.  Coverage  with  Steri-drape  or  coarse  mesh  gauze 
resulted  in  no  survivors.  This  study  failed  to  support  any  consistent 
differences  between  the  performance  of  allograft,  xenograft,  or  syn- 
thetic dressing.  The  data  suggests  that  the  synthetic  dressing  may 
be  useful  as  a temporary  skin  substitute. 
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A previous  report  indicated  that  at  least  some  of  the  beneficial 
effects  of  cutaneous  allograft  could  be  achieved  with  a nonviable 
wound  cover  such  as  formalin-fixed  cutaneous  allograft.  This  report 
explores  the  possibility  that  some  of  the  functions  of  skin  may  be 
replica'ed  by-— a ...syn the t i c model  of  skin  which  is  made  entirely  from 
commercially  available  materials. 

METHODS 

A synthetic  dressing  consisting  of  a nylon  matrix  and  a teflon 
membrane  was  used.'  Comparison  of  the  synthetic  dressing  to  rat  cu- 
taneous allograft  and  other  wound  covers  was  done  on  Sprague-Dawl ey 
rats  of  180-200  g weight. 

To  study  the  behavior  of  the  dressing  on  contaminated  wounds, 
dorsal  skin  excisions,  comprising  ]$%  of  the  total  body  surface  area 
of  the  rat,  were  performed  and  seeded  with  1 cc  of  a known  dilution 
of  Pseudomonas  aeruginosa,  Strain  12-bb.  The  inoculum  was  left  on  the 
open  wounds  for  10  minutes.  Then,  either  rat  allograft  (from  closely 
related  Sp rague-Dawl ey  rats),  human  xenograft,  synthetic  dressing,  or 
no  dressing  was  applied.  Nine  animals  were  included  in  each  group. 

One  of  these  was  biopsied  for  quantitative  bacterial  analysis  after 
10  minutes  of  inoculation.  Three  animals  from  each  group  were  biop- 
sied at  specified  days  after  inoculation  and  coverage  (Tables  1 and 
2).  In  the  first  experiment,  granulation  tissue  was  allowed  to  de- 
velop by  excising  the  skin  four  days  before  inoculation,  covering 
the  fascial  surface  with  sterile  gauze,  and  stripping  the  gauze  from 
the  underlying  tissue  immediately  prior  to  inoculation.  in  the  second 
experiment,  the  skin  excision  was  performed  immediately  before  seeding 
of  the  wound. 

The  effect  of  the  dressing  was  then  studied  on  rats  subjected  to 
60%  body  surface  area  skin  excisions  which  were  not  seeded.  Truncal 
skin  was  removed  circumferentially  en  bloc  from  5 mm  distal  to  the 
axillary  crease  to  5 mm  proximal  to  the  skin  folds  of  the  hips.  This 
area  was  either  left  open  (20  animals),  covered  with  multiple  strips 
of  freshly  harvested  rat  cutaneous  sp 1 i t -th i ckness  allograft  (20 
animals),  covered  with  synthetic  dressing  (20  animals),  Steri-drape 
(10  animals),  or  four  1 aye rs  of  coarse  mesh  gauze  (10  animals). 
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TABLE  2.  EFFECT  OF  NO  TREATMENT,  RAT  ALLOGRAFT,  HUMAN  XENOGRAFT, 
AND  SYNTHETIC  DRESSING  ON  1 5%  BSA*  RAT  FASCIAL  WOUNDS 


SEEDED  WITH  PSEUDOMONAS  AERUGINOSA** 


Biopsy  Culture 
(Day  0) 

Biopsy  Culture 
(Day  A) 

Biopsy  Culture 
(Day  8) 

No  Cover 

5 x 103 

10  animals 
dead 

Rat  A1 lograft 

(A-l ) 

1 .2  x 10^ 

1.7x10^ 

No  growth 

(A-2) 

1 

8 x 103 

2 x lO1* ** 

(A-3) 

2.6  x 102 

7.1  x 102 

Human  Xenograft 

(x — 1 ) 

7 x 103 

6 x 103 

5 x 101 

(X-2) 

■^4 

X 

o 

oo 

6.2  x 103 

(X-3) 

1 x 103 

A x 106 

Synthetic 

(S-I) 

8.5  x !03 

2 x lo'4 

2.6  x 103 

(S-2) 

No  growth 

No  growth 

(S-3) 

5.6  x 103 

1.1  x I02 

*BSA  = body  surface  area 

**Wounds  were  seeded  with  a 1 cc  inoculum  of  Pseudomonas  aeruginosa 
(5  x 10^)  in  sal ine. 
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Dressings  were  secured  to  the  wound  edges  with  metal  clips.  Rat  cu- 
taneous allograft  was  harvested  from  donor  rats  of  the  same  noniso- 
genic  strain  with  the  electric  dermatome.  Usually,  four  or  five 
strips  of  allograft  were  needed  to  cover  the  60/  excision.  Survival 
of  the  animals  was  observed  for  10  days. 

RESULTS 

In  the  experimentally  seeded  group  of  animals,  there  were  some 
inconsistencies  noted  in  the  performance  of  the  different  wound  covers. 

In  one  experiment,  those  wounds  treated  with  xenograft  appeared  to 
demonstrate  the  lowest  number  of  organisms  in  the  underlying  tissue 
at  four  days  following  application  of  either  one  of  the  three  dressings 
or  no  treatment.  This  variation  between  the  colony  counts  in  biopsies 
of  wounds  treated  with  different  dressings  was  not  veri f ied  by  the 
next  experiment  (Table  2),  in  which  the  lowest  bacterial  counts  ap- 
peared in  the  animals  treated  with  the  synthetic  dressing.  Further 
repetition  of  this  type  of  experiment  failed  to  support  any  consis- 
tent differences  between  the  performance  of  allograft,  xenograft,  or 

synthetic  dressing  in  this  model.  The  only  consistent  finding  was  , 

that  all  three  dressings  appeared  to  prevent  the  death  from  systemic 
pseudomonas  infection  which  occurred  in  the  seeded,  uncovered  models. 

, 

The  60  body  surface  area  excision  was  uniformly  lethal  if  no 
form  of  wound  coverage  was  employed.  If  allograft  coverage  was  used, 

10  day  survival  was  9° : • If  synthetic  coverage  was  used,  10  day  sur- 
vival was  75'/ . Coverage  with  Steri-drape  or  coarse  mesh  gauze  re- 
sulted in  no  survivors.  After  10  days,  there  were  occasional  deaths 
in  the  syn the t i c -covered  group  (from  infection  arising  in  the  margins 
of  the  dressing)  and  in  the  al 1 og raft -cove red  group  (if  allograft 
rejection  occurred). 

CONCLUSIONS 

In  two  models  of  skin  graft  function,  the  beneficial  effects  of 
al lograf t could  be  duplicated  in  part  by  a syntnetic  dressing.  The 
data  suggest  that  a synthetic  dressing  of  this  or  similar  construction 
may  be  useful  as  a temporary  skin  substitute. 
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